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ABSTRACT 


A new method for quantifying risk in the naval ship 
design process by means of probability distributions is 
presented. Risk 1s equated with uncertainty about the 
characteristics of the design. The causes of uncertainty in 
a ship synthesis model are discussed and analytical methods 
for combining probability distributions based on work in 
the cost analysis field are presented. Additionally, 
recommendations are made oan how to implement this 
methodology in the Navy’s ASSET ship synthesis madel and = an 
example 1s given of how the results from a tradeotf study 
using these methods would be presented to a decision maker. 
The methodology will give a clearer picture af the type and 
sources of risk to a decision maker and has applications in 
several phases of ship design. Finally, recommendations far 
further research and implementation are given. 
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CHAPTER 1 
INTRODUCT IQN 


The modern naval ship is an extremely complex 
system, in fact it has been suggested that a modern 
aircraft carrier is the mast complex engineered system an 
earth. Due to this complexity the design and acquisition 
process 1s by necessity an iterative one as shown in Figure 


ic 


Another characteristic of this design process is 
that there is normally more than cne possible salution to a 
problem. Trade-off studies are conducted ta explore these 
Beet antive solutions and provide the facts for the 


decision makers who must choose among these alternatives. 


There are several factors that influence the 
decisions and are evaluated in the tradeoff studies. Some 
of these are: cost (bath acquisition and operating), impact 
on the ship’s characteristics (size, installed capacities, 
etc.) and performance (e.q. speed, endurance, detection 


range, etc.), and risk (cost, schedule or technical). 


The purpose of this thesis is to explore a new 
method for classifying and measuring risk with emphasis) oan 
the technology assessment and feasibility phases oaf the 
ship design process. Figure 2 shows a time line far _ these 
different pnases. This new method is based largely oan work 


done by cost analysts in the aerospace industry Oe eatare eid oe 


“I 





Figure 1. Iterative Decision Process 
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Risk 1S defined in the dictionary as: "a factor, 
element or course involving uncertain danger or hazard.“ In 
the ship design process there is always uncertainty due ta 
factors such as design practices that are based on 
empiricism because of imperfect knowledge and estimating 
relationships that are simplified to reduce the effort 
required for early stage work. In addition, the 


introduction af new technology brings uncertainty as well. 


The current method of handling risk is to start 
with single point values of the input variables and analyse 
the design in a deterministic way. The cresults are then 
presented as point values and the associated risk is 
Classified an what Dr. Gerald McNichols C4] calls an 
ordinal or relative scale, usually something like figh, 


medium or low. 
This current methodology has several drawbacks. 


First, risk is treated as another, separate 
decision factor instead of being an attribute af the other 
factors. As will be shawn later, the current descriptions 
of risk are vague and ambiguous compared ta the proposed 


method. 


Secondly, the current method requires one value af 
each input variable to be chasen when there are in fact 
several or even an infinite number of possible values ~= and 
combinations of values. This means that oanly one of the 


many possible cutcomes 1s treated and the assessed risk is 


LO 





based on thase assumed values. For example, if in a 
tradeoff study the input values for anew technology are 
very optimistic, the alternative might be rejected due to 
high risk whereas the assumption oaf more conservative 
values would lead to a lower risk and might still offer an 


improvement over the baseline technology. 


Finally, the current appraach has a problem when 
trying to assess the risk for combinations of innovative 
rtems. The question here is samething like, "If two items 
are evaluated as being medium risk when considered 
individually, is their combination in the same design still 


medium risk or is it then high risk?" 


This thesis proposes to describe risk by means of 
probability distributions for the various attributes that 
are considered in the tradeoff studies. Using Dr. 
McNichol ’s terminology, this is a Cardinal, or quantitative 
measure of risk. This approach considers that the possible 
values for input to or output from the design process’ are 


continuous across some range. 


The use of probability distributions allow several 
descriptive terms to be used to classify the risk of 
alternative approaches. Some of these are; mean value, most 
likely value (mode), lawest and highest possible values, 
standard deviation, and proodability of achieving a certain 
value. The probability distributions can alsa be = shown 


@raphically, giving the decision maker a more intuitive 


dk 





feel of these factors. This approach also lends itself toa 
evaluating the effect af combinations of items and the 


effect of variations in estimating relationships. 


Finally, having probability distributions availability 
would allow the use of Decision Analysis methods’ using 
utility functions (€5,6,7] which wouid hReip decisian makers 


be more consistent. 


Figuces 3 and 4 give examples af a summary 
presentation of a tradeoff study using the current and-=- 


proposed methadologies respectively. 


In order to implement this improved method of risk 
assessment, it 1s necessary to develop a system for 
generating these probability distributions. The rest oaf 


this thesis is devoted to that task. 
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Figure 4. Proposed Tradeoff Presentation 













/ SEERRRRRE 
HRRRRREE 
ie = ° 3 
Oe? 35 
OFAN ELLE: 
ma ON LE LLL 
if 9 PRA S : 
mal EE NSA: 
8 ES C < 3 

| ! 3 

MMs) sates ¢ G a a. 

ALIUBYEON d ZALLYINANO 

Lu 5 
<{ 335 
Fr E2 
a J 





ALMavdOdd JALLYTNAND 






SETAse OE, 
ACQUESITION COST RRO Va. Cre 


Bes, FOF 


o 
@ 
Ld 


$o 
ASQUISINON COST (MK LIONS) 


($20) 


(Thousande) 
FULL LOAD WTIOHT (LTONS) 





Figure 4. 





BeIA INVER Sts CDF 
CNOURANCE RANOE RRO YS. CRP 


BetA INVEX SE Cpr 
SUSTAINED SPEED AAO YS. CrP 


ALMIGVHOUd JALLYINMNID — | 


(continued) 


RANGE aT ase pan hu meae baLES) 


SUSTAINED SPEER (KNOTS) 


Boa. Oe 














BETA PDF 
SUSTAINED SPEEO RAQ VS. CRF 
eee 

Lal M 


COOTER 
i 
COCeeeeeecer 
CeCe 
COCO 
SUSSecRR00008 


a ~w er hl wrhlUCchlUCCUCRNRmLC<C TTC CUD 
sd 








hovseonds 
RANGE AT ders: ENAUTIGAL MLES) 


SUSTAINED SPEEO (KNOTS) 





CHAPTER 2 
BASIC THEORY OF PROBABILITY DISTRIBUTIONS 


The purpose of this chapter is to provide a review 
of the basics of probability distributions and a discussion 


of some special families of probability distributions. 


2-1 Discrete Probability Distributions 


A probability distribution is used to describe the 
chance or probability of a random variable taking an a 
particular value. The form af the probability distribution 
most familier to the average person is for a discrete 
random variable. In the simplest form this takes the form 
of flipping a coin to determine heads or tails. Normally it 
would be expected that on the average, the coin will come 
up heads SO percent of the time and tails SO percent of the 
time although for an unfair or loaded coin, these values 
could be different. This exampie can be extended to a case 
with a larger number of outcomes such as the roll of a pair 
of dice or the chances that each of the 26 teams in 


professional baseball has of winning the World Series. 


Figure S gives a generic representation of a 


discrete probability distribution. 


The most important point here is that these 
probability distributions are defined for mutually 
exclusive outcomes and that the sum of the probabilities 


for ali mutually exclusive outcomes is tt. 
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Figure 5S. Discrete Probability Distribution 
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2.2 Continuous Probability Distributions 


This thesis will be dealing with continuous randam 
variables ested | Of discrete ones. For a continuous 
variable, the probability of a particular value occurring 
is infintesimally small. For this reason the probability 
must be expressed in terms of a range. Standard practice is 
te express the probability as a cumulative distribution 
functron (cdf), P(x), which gives the probability that the 


random variable is less than or equal to x. 


The cumulative distribution function has the 
following properties: 
(1) It is monotonically increasing with P(-~ ) = O, P(+™ ) 
= i. 


(2) The probability that the randam variable lies within 
the range x1 to x2 = P(x,) — P(x2). 


Analogous to the discrete probability distribution 
discussed before is the probability density function (pdt), 
p(x). The pdf is the derivative of the cumulative 
distribution function. This means that the total area under 
the pdf is equal to 1 just as the sum of the discrete 


probabilities is equal to 1. 


A graph of a pdf (Figure 6) conveys such 


information as: 


(1) upper and lower bounds on possible values af the 
variable. 


(2) most likely value (mode). 
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Probability Density Function 


Figure 6. 
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(3) spread or variance. 


(4) skewness or non-symmetry. 


Further information on these basics can be found in 
any probability and statistics text. References [8] and [9] 


are cited as examples. 


2.5 Parametric pdf's 


Families of pdf‘s exist that can be described 
parametrically. Some of these families and their properties 
will now be discussed. 


& 


The best known of these parametic pdf’s is the 
Gaussian or normal distribution (Figure oes This 
distributicn is applicable to many situations occuring in 


the real worlid.It is described by the equation: 


{ 


p(x) = L/foVY2t expl—(x-y) 4/2 =] 


This distribution has two parameters, the mean, (first 


moment), and the variance, o~ (second central moment). 


Some other properties of the Gaussian distributian 


are: 


(1) 1t is symmetric (has zero skew). 
(2) its limits are plus and minus infinity. 


(3) 99.74Z% of the area is within the range between plus 
and minus infinty. 


Ze 





Figure 7. Gaussian PDF 








Another pdf which has been extensively used by 
cost analysts Cio] is the Generalized Beta 
distribution defined by the function: 

p(x;%,8,a,b) = (lta +8 + 2)/ (a + 1) € Bt 1)b6] Ctx - 
a)/bi C 1 - (x - a) /b] 
a,b,@,B are real numbers, b > 0, «,B > -1 
[ud is the gamma function 
This distribution has four parameters which are a, 6b, 
» and . The Beta pdf is defined over a finite range 
fram a to a + 6b. The shape of the distribution depends 
on tne values of the exponents alpha and beta as = shown 
in Figure 8. The shape that = of the most interest to 
this thesis is the unimodal one which corresponds toc 


and §6> Oo. 


Another distribution family used by cost 
analysts C11] is the Generalized Gamma distributian 


which is also a four parameter pdf defined by: 
Pee, %) =y/i(e) BEY (x = k)eY—* exp E-((x - k)/B)Y ] 


Q»Bsy~xkK positive real numbers, x > k 
This distribution has a finite lower limit k and an 
upper limit of + ©. It is also skewed to the right. 
Several commonly used distributions can be expressed 
as special cases of the Generalized Gamma including 
the Exponential, Weibull, Chi-Squared and Rayleigh 


distributions. 
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Figure @. Variation of Beta Distribution Shape with 


Parameters 


4.00 
3.50 
3.00 
2.50 
x<O ee ee ee 
2.00 B>0 =f<G 
iesO 
1.00 Sew 
ew ar 


0.50 


0.00 


© 
© 
ho 
© 
> 
So 
rep 
© 
1e°) 


ja "on" 





One of the goals af this thesis is to express 
the characteristics estimated in a tradeoff study in 
the form of probability distributions. In additian it 
will be necessary to handle some input and 
intermediate data as probability distributions. The 
Beta distribution was chasen far this purpase ‘for 
several reasons. First, it has finite upper == and lower 
limits which makes more sense _ for the type of 
characteristics that will be dealt with. Secondly, = oaf 
the three distributions discussed, the Beta is the 
most flexible in terms of the shapes 1t can assume as 
shawn me eiguce 9. The Gaussian 15 Limited toa 
symmetric shapes and the Gamma ta anly right 


(positive) skew. 


The next chapter will discuss how these 
characteristics are estimated and the causes oft their 


uncertainty. 





Figure 9. 
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CHAPTER 3S 
UNCERTAINTY AND THE SYNTHESIS MODEL 


As previously discussed in the introduction, a ship 
is an extremely Complex system with an iterative design 
process and more than one feasible solution for a given set 
of requirements. For early stage design work toa establish 
the gross characteristics of a feasible design a Ship 


Synthesis model is normally used. 


5-1 Basic Principles of Ship Synthesis Models 


— 
~ 


Table 1 shows the major areas that must be balanced 
in a ship design. These areas are interrelated sa iteration 
1s cequiced both within and between modules. For example, 
the installed power affects the weight of the propulsion 
subsystem but the assumed displacement affects the 


installed power requirement and so on. 


This iterative process was done for many yeacs by 
hand but beginning in the late 1960's 1t was automated 
UuSing digital computers. The early synthesis models were 
straightforward adaptations of the hand methods but later 
versions have added features that would mot be practical 
for manual calculations. The advent of these Ee eee 
models also allow the exploration of many more alternatives 
than were considered with the previous methods. In a_ given 
design project, these studies are used for optimizing the 


configuration of the design (C12). 





Table 1. Balance Requirements 


AREA REQUIREMENT 


me mn me em es me ec ee mm a mm mm ee ce See eee eee ee ee 
= a me ee Sm me me ce ee ee ee ee ee ee 


Energy Installed power is sufficient to achieve 
required sustained speed at design 
displacement. Installed electric plant sized 
for expected load. Fuel allocated sufficient 
to meet endurance requirement. 


Space Volume and deck area available equal to ar 
greater than volume and deck area required. 


Weight Sum af subsystem and load weights equal ta 
assumed displacement. 


Stability Metacentric height (GM) within acceptable 
range. 
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The input into a synthesis model is a set of 
requirements covering items such as physical 
characteristics of the payload, manning, sustained speed, 
endurance speed, and endurance range. The model then uses a 
set of estimating relationships for the characteristics 
appropriate to the four areas in Table 1 and a set of logic 
rules to achieve a balanced design. Finally, the synthesis 
model outputs selected characteristics of the final, 
balanced design (Ci3l. Table 2 lists some currently 


available synthesis models along with their applicability. 


-~ Besides being used for actual ship design, 
synthesis models acre useful for evaluating the impact of 
new technology and design standards. ASSET is particularly 
intended for this application. Goddard’s thesis [C17] is a 


reference for this application. 


3.2 Causes of Uncertainty 


The values calculated by a synthesis model are 
uncertain for one or botn of two reasons. First, most of 
the estimating relationships are based on regressian 
analyses, normally with only one or two independent 
variables. These analyses must use parameters that are 
available at an early stage of ship design Ci81—= and 


therefore can only give a rough estimate of the value. 





Table 


ASSET 


DDO 


CVO2 


LLOt 


2. Available Synthesis Models 


SOURCE 


ere meme er ce ee er eee 
SS pm ee ee eee cee 


MIT €14] 


DINSRDC Cisd 


NAVSEA C16] 


NAVSEA 


NAVSEA 


APPLICABILITY 


a mm ee ce mem cee ee ee ee ee 
ca oe cee REE ee ee ee ee eee ee ee ee oe 


Destroyer Type 
1,790 to 17,000 tons 


Monohulls 
SWATH 
Hydrafoils 
Destroyer Type 


Aiccraft Carriers 


Amphibious Warfare 
Ships 





An example of this type of uncertainty is the ASSET 
estimating relationship for Firemain Weight, SWBS Weight 


Group S321: 
WS21 = 8.0 E-S (Total Ship Volume) 


secondly, the input values for an estimating 
relationship may and oprobably will not be known with 
certainty. Examples of this is the weight and power 
consumption af a new weapon system that is part af the 
payload or a relationship that has as itS input a value 


calculated by a regression relationship. 


An example of this is the calculation for the 


superstructure weight, SWES group 150: 
WiSO = (Deckhouse Volume) (Deckhouse Structural Density) 


The exact value of the density is unknown and in certain 


cases the volume may be as well. 


These two causes of uncertainty can also occur 
together in the same estimating relationship. How to treat 
these cases mathematically will be discussed in the next 


chapter. 


The above discussion shows that even in a design 
based completely on existing technology, a synthesis model 
will return numbers that are not certain. This fact has 
been recognized previously and therefore a mar@gin based an 


historical data is normally added (19, 201]. Part af the 
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purpose of this thesis 1s to provide a better tool for 


deriving this margin, especially when using new technolagy 


in the design. 


The next chapter will discuss analytic methods of 
treating these causes of uncertainty and Chapter 3S will 
discuss the implementation of thase methods in the ASSET 


synthesis madel. 
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CHAPTER 4 
METHODS QF MATHEMATICALLY HANDLING UNCERTAINTY 


4.1 Uncertainty from Reqression Analysis 


The main basis of estimating relationships for a 
synthesis model is by some form of regression analysis of 
data from previous designs. This is particularly true for 


the weight and volume estimating relationships. 


The goal of regression analysis 1s to find a 
neo caal =sisilensiee between a value and the factors 
that affect it. The form most commonly used the “least 
squares fit" method which was developed for “She 


experimental sciences. 


In the simplest form, the least squares method is 
based on assuming a functional form of the relationship of 


the form: 
Y2 = AiaXa t+ Ba aera 
where € is a random variable giving the error 


Minimizing the sum of squares of deviations of the data 
points from the assumed line the following system of 
equations is derived and solved for the coefficients ao and 


ats 
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@o Lk. + ax Ix, = Loaays 
Geet aan = bys 
where mis the total number of data points 


The derivation and solution af these equations is in 
Appendix A. This approach can be extended to derive 
relationships involving polynomials, linear combinations of 
different variables, and through a variable transformation, 
power, exponential, and logarithmic dependencies. The 
derivation of these is beyond the scope of this thesis but 


can be found in Reference (2711. 


The additive error term has two assumptions (22) 


made about it in the above analysis: 
(1) 1t has a zero mean about the line. 
(2) it has constant variance, independent of x. 


In addition, most texts = oan the subject assume that the 
error term has a Gaussian distribution. This 1s not a 
necessary condition for the derivation toa be true, But 
allows certain statistical tests to be carried out ‘for 


goodness of fit C22]. 


When the author first started looking at this area, 
the assumption of constant variance did not seem loagical 
for the derivation of estimating relationships. For 
experimental work where conditions are closely controlled 


the errors are due primarily to measurement errors and can 


—_——~ 
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be expected to be independent of the magnitudes involved. 
The causes of variations in the estimating process are 
different and is rooted in the fact that the estimating 
relationship 1S a considerably simplified model of the 
detail design process for a particular area of the _= ship.~ 
Because of this it seems reasonable that for the estimating 
relationship the magnitude of the possible variations from 
the regression line would increase as the magnitude of the 


variables increased. 


4.2 Heteroscedasticity 





A search through a considerable number of 
statistics and linear regression texts found no treatment 
of this assumption of non-constant variance with the 
excenotion of Reference [C24]. With the aid of Mr. Michael 
Jeffers of DTNSRDC it was found that this same assumption 
1S commonly used in the field of Ecoanemetrics, which 15 
concerned with the application af statistical methods to 
the study of economic data and problems. Reading through 
MENS Te? on the subject [25.26.27]. it was found that 
econometricians have the same situation as ship designers 
in trying to model! a complex relationship by a simple one 


using the data mast readily available. 


This assumption of non-constant variance is called 
heteraoscedasticity in the econometric iiterature and the 
previous assumption Ge constant variance is 


homoscedasticity. An example from Reference [26] is the 




















correlation between consumption expenditures and family 
income. The example shows that families with an income of 
$10,000 Rave a range of variation of $4,000 while families 
with an income of $50,000 can be expected to have a larger 


variation. 


The least squares procedure previously derived is 
referred to as Ordinary Least Squares (OLS) and 
incorporating the assumption of heteroscedasticity results 


in Weighted Least Squares (WLS). 


In WLS a functional relationship is either assumed 
or known for the variance, 1.e. 67% proportional to f (x)=. 
The oe equation is then divided through by the square 
root of the relationship and the following system of 


equations are obtained and solved: 
epee 7 £ —(%4)) + aol K¥47/FA(K2) = Exava S/F (Ks) 


me Kav to (xa) + aol. 1/FA(x,.) = Lys / FA (x.) 


The derivation and solution of these equations 1s in 
Appendix A. It can be seen that by assuming f (x) = 1 or 


constant variance, these equations reduce to the OLS case. 


An sample regression analysis using this was 
performed for the relationship discussed in the last 
chapter for Firemain Weight, SWES group 321 based on data 
contained in Reference (29). The results are presented in 
Table 3 and Figure 10. For this case fix) was assumed equal 


to «x which normalizes the variance. 





Figure 10. SWBS 521 Firemain Weight 
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Table 3. Reqression Analysis Results for Group S21 
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4.5 Uncertainty from Inout Parameters 


The other source of uncertainty for the estimating 


relationship is due to the input’ parameters. In the 
synthesis model many of the inputs to estiaating 
relationships are themselves outputs fram other 
relationships and therefore uncertain as previously 


discussed. 


One means of Handling this form of uncertainty is 
by means of a Monte Carla sim ationt Gourley’s 1979 ete 
C30] an technological risk re oe used this technique 
with examples of schedule and cost risk. However, a Mante 
Carlo simulation involves a large number of calculations 
for each estimating relationship. The procedure is an 
iterative one and the exact number of calculations is not 
knawn beforehand. For the large numbers of estimating 
relationships used in a synthesis model (approximately 200 
in the weight module of ASSET), a method requiring less 


computational effort 1s needed. 


*£ can be shawn by means of Fourier Transforms C31] 
that a sum of independent Gaussian random variables defines 
another Gaussian random variable with mean and variance 
equal to the sum of the means and variances of the input 
variables. It has been further proved that this property is 


true for non-Gaussian random variables as well. 


Huilding on this base, McNichols in his dactoral 


dissertation (€1] devised an analytic method for obtaining 





the probability density function for an arbitrary function 
of random variables. This method utilizes the concept of a 
rth “additive moment" which is a function of moments of a 
random variable C = 2X4 with the property that it is equal 
to the sum of the same FUne Ta On Of moments for the X,‘s. 
The first four additive moments in terms of the central. 


moments mu of the X,4’°sS are listed in Table 4. 


McNichols then used a Taylor Series expansion of an 
arbitrary function and derived a formula for what he called 
a “generalized additive moment". The first four generalized 
additive moments for a first order approximation are listed 
in Table S and in Table 4& these formulas have been applied 
to the estimating relationship for Group fag we1rght 


discussed in the last chapter. 


In McNichols’s dissertation, there are also 
expansions for a second order Taylor approximation and for 
dependent variables. The terms due to dependency add to the 
independent moments. For the purposes of this thesis, 
dependencies between estimating relationships will not be 
examined, aithough it is acknowledged that this would apply 


In some cases. 


The importance of these moments is that they can be 
used to calculate the parameters of a probability density 
function. If a Gaussian distribution is assumed only the 
first two additive moments (mean and variance) are needed 


Since it is a two parameter family. The Heta distribution 
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Table 5. First Order Generalized Additive Moments 
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which was chosen fer this thesis has four parameters; 
alpha, beta, a (low value), and b (range). The first four 
moments can be expressed in terms of these parameters as 
shown in Table 7. Expressing the parameters in terms of the 
maments 1S conmsiderably more complicated. McNichols need a 
lookup table in his dissertation but Wilder and Black (C52) 
derived a closed form solution which is given in Appendix 


B: 


* Returning to the case of the error due to 
regression analysis, it can be handled by estimating the 
moments from the data as shown in Table 48. If for a 
particular estimating relationship there 1s no input 
uncertainty, the only moments are those due to the 


regression. If both input and regression uncertainty exist, 


the moments add together (351. 


The next chapter discusses the implementation of 


these methods in a ship synthesis model. 
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Table 7. Moments in Terms of Beta Parameters 
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Table 8. Estimating Moments for Regression Relationships 
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CHAPTER 5S 


IMPLEMENTATION OF UNCERTAINTY METHODOLOGY IN A SYNTHESIS 


MODEL 


As discussed in the previous chapter, analytic 
means exist to calculate probability distributions for 
estimating relationships. This chapter will propose a 
system of implementing these methods in an actual synthesis 


model. 


The Monohull Surface Combatant (MONOSC)? 
Pen Gur ation of ASSET (Advanced Surface Ship Evaluation 
Tool), maintained by the David Taylor Ship Research and 
Development Center (DTNSRDC) was chosen for use in this 
thesis for several reasons: 
(1) ASSET is extremely flexible in terms of being able to 
handle new technology. 
(2) ASSET is a modular program which means that 
implementation of the proposed methodology can be done 


im an incremental fashion. 


(3) The logic and estimating relationships for ASSET are 
well documented. 3 


(4) ASSET was available at MIT on the 13A Ships Computer 
Aided Design System (SCADS). 


Pee Oeserretion of ASSET 


ASSET C15] is actually an “umbrella” program with 
applicability to monohull surface combatants, planing 
craft, hydrofoils, and small waterplane area twin hull 


(SWATH) type ships. It is planned to extend this in the 


4:5 





future to air capable monohulls, auxiliary monohulls, air 
cushion vehicles and surface effect ships. ASSET achieves 
this wide range by its modular structure. Comman modules 
are used whenever possible, and configuration dependent 
modules are used to cover unique aspects of a particular 


ship type. 


Figure 11 shows an averall view of the ASSET 


Program. fhe user controls ASSET with an interactive 
executive program. A data bank 1s malntained with 
information far several camplete ships’ and individual 


~~ 


components. The computational madules use data from = and 
modify a current madel that has been selected fram the data 
bank. Each af the sea eeeeen modules offer several 
possible screens af information to the user in both tabular 


and graphical format. 


Figure 12 shows a flow chart of the computational 
modules far the MONOSC configuration af ASSET. A ODrief 


overview [34] of each af madules follows. 


(a) The Initialization madule uses simplified parametric 
methods to check the input data for consistency and toa 
make initial estimates af the basic design 
parameters. 


(b) The Hull Geometry madule calculates hull farm 
characteristics based on an input set of oaffsets 9 and 
can also modify the size aor shape of the hull. 


(c) The Hull Structure module calculates scantling data 
far the hull based an either calculated loads or oan 
input by the designer. At the present stage Bay 
development, it does not aptimise the structure for 
either weight cr cost. 


(d) The Resistance module calculates ship drag using the 
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Figure 12. Flowchart for MONOSC ASSET 
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Taylor series data modified by a user input worm curve 
and either an ATTC or ITTC friction line. 


The Propeller module determines the gecmetry of the 
ship prepeller and the shaft power needed for the 
endurance and sustained speeds. The module can use 
either user input propeller data, the Troost-B- series, 
Or an analytic design based on lifting line theory. 


The Machinery module computes electric opawer 
requirements and sizes the machinery if it is not 
fixed by the user. The module also calculates 


endurance fuel requirements. 


The Weight module calculates a detailed weight = and 
center ef gravity breakdown for the ship using the 
Navy Ship Work Breakdown Structure, SWBS. The 
algorithms are largely based on those used in the 
NAVSEA DDOS synthesis model. 


Tne Design Summary module provides seiected data from 
the previous six modules (Items b. through g.) for the 
designer. 


The Performance Analysis module calculates the 
degredation in performance of a complete, synthisized 
ship caused by hull fouling, machinery plant 
deterioration and sea state. 


The Hydrostatic Analysis module calculates hydrostatic 
properties of form, floodable length, intact stability 
and damaged stability. 


The Seakeeping Analysis module calculates the Bales 
rank factor for the hull form. This ranking 1S on a 
scale from one to ten and considers pitch and heave 
motions only. 


The Cost Analysis module estimates unit production and 
lite cycle costs uUS1NG var1lous parametric 
relationships. 


The Space Analysis module calculates the total volume 
and area requirements for the ship using the Navy ship 
Classification System (SSCS). The algorithms are 
largely based on those used in the NAVSEA DDOS 
synthesis model. 


The Manning Analysis module estimates the number of 
officers, chief petty officers and enlisted personnel 
required to man the ship and the total man-hours 
required to accomplish required ship tasks. 
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As can be seen in Figure 12, the computational 
modules are classified as being either Initialization, 
synthesis or Analysis. The Initialization module uses 
simplified estimating relationships in order to establish a 
starting point for further work. Both the Synthesis and 
Analysis type modules use detailed analytical or parametric 
techniques with the difference that the output from a 
Synthesis module modifies the current model, while the 


Analysis type just provide additional information. 


AS previously mentioned, the user controls the 


—- 


execution of each of these modules. An automatic iterative 
loop can be invoked as shown rn Figure 12 which balances 
fEhe energy and weight for a fixed hull geometry = and 
Structure. At the present stage of development, the user 
must manually balance the space and stability requirements 
by using analysis modules to determine changes required = and 


then modifying the current model. 


By 
a 


Proposed Implementation Method 


[ ag 
w/o 


Implementing the uncertainty methods described in 


Chapter 4 in a synthesis model is different from previous 


bh) 


costing applications described in Cill, C32] and boos 
because of the iterative nature of the synthesis process. 
Recause the uncertainty methodology add more computations, 
it is desirable to reduce the number of iterations required 


to produce a converged solution. Finally, because of the 


new aoproach being taken and because new regression 
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algorithms must be derived, it was considered desirable to 


take advantage of ASSET’s madularity and have a Plan that 


would 


allow the methodology to be implemented in an 


incremental manner. 


Examining the four areas required to be balanced 


(Energy, Space, Weight and Stability) the follawing 


strategy for implementation is recommended. 


(a) 


(Oo) 


Energy: This is a low priority area. The existing 
resistance module in the synthesis loop should be 
retained and use mean values of the parameters. The 
power installed and the fuel weight should be fixed 
and treated as certain values. Likewise the electric 
generating plant should be fixed in size, but a pdf 
for electric loads gener ated + Gls informational 
purposes. The best place to implement the uncertainty 
methodology is in the performance analysis module to 
calculate distributions for sustained speed achieved 
and range at endurance speed. 


Space: The geometry of the ship should be held 

constant as in the current ASSET model . ASSET 
Calculates space available with a high degree of 
accuracy so it should be treated as a certain value. 
The space analysis module should calculate a 
probability distribution for the space required and 
the designer then provided with a qraph showing the 
probability of the space available being greater than 
Or equal to the space required. Two oaptions’) should 
then be available to the designer. The first, ta be 
used primarily for technology assessment and early 
stage design, would use the mean of the space required 
to balance the ship and the hull size fixed. Then the 
Size of the deckhouse would be considered variable 
with a pdf derived from the space required pdf. 
Current synthesis models also change deckhouse s1ze 
first because the overall impact on the ship is 
normally less. Volume would then be an uncertain 
Quantity for those weight estimating relationships 
that use volume as an input. The second option would 
be used during later stage design when the size of the 


ship must be fixed. This option would have the 
designer use the space required probability 
distribution as a guide to fixing the size at the ship 
and then would use volume available for weight 


estimating reiationships with no inout uncertainty. 
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(c) Weight: Changes required are primarily in the weight 
module. To reduce the computational effort, a design 
converged by the current methcdology should be used as 
a starting point. If the first order Taylar Series 
approximation (see Table 35) is used, the mean of the 
function is equal to the function of the means” and 
only one pass through the module is required. As 
discussed in part (b), volume could either be a 
certain Or uncertain input, depending on the design 
ohase. 

(d) Stability: Balance should be checked by a GM/5E 
criteria. GM will be uncertain due to the vertical 
center of gravity, which is calculated in the weight 
module. The position of the metacenter is calculated 
exactly in the hull geometry module. In the design 
summary module, the designer should be given the 
orobability that the GM/B is within a given range and 
the mean value cf GM/B. | 


5.3 Demonstration Module 


The full implementation of this methodology was 
beyond the scope of this thesis. However, for demonstration 
purposes it was decided to write a replacement weight 
module for ASSET that would show the usefulness of the 
opropesed methcdology. This module was designed to return 
the parameters for a Heta pdf for full load displacement, 
light ship weight, and the one digit level SWRS weignt 
groups. An auxiliary program would then pict both the pdt 


and the cumulative distribution function. 


The module was written using the LOTUS 1-2-3 
spreadsheet oreogram Cunning on a Zenith Z—-100 
microcomputer. The procedure for using it is to achieve a 
converged ship on the mainframe ASSET orogram. The 
parameters from the current madel needed pele =e 


spreadsheet program are then manually entered and the 


spreadsheet automatically calculates the pdf parameters. 


Several assumptions were made for this 
demonstration tool. First, the existing ASSET algorithms 
Were used as a basis because; (1) the raw data was not 
avallable to derive new ones using the methadsolagy fram 
Section 4.1 and (2) time would not have permitted it. Since 
the statistical data was not available either, a default 
assumption was made in all estimating relationships with 
regression analysis uncertainty that the distribution was; 
symmetric, had a range equal to 20% af the mean, and that 
the limits were plus or minus three standard deviations. 
This gave a psuedoa-Gaussian distribution that assumed the 


estimating relationship was accurate to plus or minus 107 


The number of aptians in the input was cut down 
since the madule was intended for demonstration purpases 
aniy. The input aptians can be seen in the example study 
printout in Appendix C. Alisa, as mentioned in the previous 
chapter, dependency between estimating relationships was 
not considered in this thesis. The author believes this 
issue must be approached with care. Although many 
relationships share the same input variable (e.g. Volume 1S 
used by many relationships in the auxiliaries and 
outfitting areas), it should be kept in mind that mast af 
the relationships are derived fram regression analysis and 
the choice of input variable is based on what 15 available 
in early stage design. Therefore the dependencies are 


arobably weak. 





One dependent item that was not adequately treated 
was Hull Structural Weight, SWES Groups 110-140. ASSET 
calculates this weight as a function of the hull geometry 
and scantlings designed in the Hull Structure madule. The 
spreadsheet program currently takes these weights from 
ASSET and calculates a distribution about that mean. In 
actuality, the variation in full~-lLoad displacement causes a 
Variation in Loads, causing uncertainty in scantlings 9 and 
thus in hull weight. This area needs further research 


before this methodology can be fully implemented. 


The next chapter will discuss an example tradeoff 
study using this module and better illustrate the 


usefulness of the proposed methodology to a decisionmaker. 





CHAPTER & 
CASE STUDY USING UNCERTAINTY METHODS 


This chapter presents a tradeoff study designed ta 
1llustrate the usefulness af the praposed methodolagy ta a 
decisian maker. The probability distributions shawn for 
weight were calculated using the LOTUS madules described in 
the previous chapter. The actual numbers are not accurate 
due ta the shortcomings af the present madel, but they are 
sufficient far this pedagogical purpase. The distributions 
for cast, sustained speed, and range were assumed but were 


designed to be realistic. 


6.1 Input ta Tradeoff Study 


The case study presented here was based an an 
actual tradeoff analysis conducted for the DDG-Si design. 
The Cow was whether tq use a Pee anes ev eae neie 
pitch propeller (CRPP) as on previous designs, ar whether 
to develap a reversing reduction gear (RRG) which would 
allow the use af a fixed pitch prapeller. Advantages seen 
for the RRG were a lower total system weight leading ta a 
smaller ship, and greater propulsive efficiency leading ta 
a Greater sustained speed and reduced fuel casts. The 
disadvantages af the RRG were research and develapment 


costs and risk. 


For the purpases af this thesis, the example study 


was Conducted using the ASW frigate developed in Gaddard’‘s 





thesis C171] as a baseline. The study was considered to be a 
general technology assessment, not linked to a particular 


ship acquisition project. 


The study was begun by modifying Goddard's baseline 
im ASSET, which had electric transmission, imto two 
variants, one with CRFP’s and one with RRG’s. The only 
difference between the designs at this point was the 
transmisston and propeller systems. The designs were then 
balanced using the conventional criteria discussed in 
Section 3.1. The results of this portion of the study are 


presented in Table 9. 


At this point, the analysis of the uncertainty in 
the weight estimates could be conducted using the LOTUS 
module. The necessary parameters from ASSET were extracted 
from the databank and then input into the LOTUS weight 
module for each ship. This data can be A spnaye in Appendix C. 
For this initial study, the number of input items with 
uncertainty was reduced to three, in order to best see the 
relative impacts of the two technologies. These items were: 
superstructure volume, superstructure density, and gear K 


factor. 


The K factor was chosen because it was an input 
variable to the estimating relationship for SWERS) weight 
group 241, Fropulsion Reduction Gears, and would have a 


direct impact on the weight of that subsystem, since the 


estimating relationship was different for a conventional 





Table 9. Results of ASSET Tradeoff Study 
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reduction gear and ae reversing ane. The same pdf was 


assumed for both ships and can be seen in Figure 13. 


Deckhouse density is included as an input item 
because ASSET allows several choices of material for the 
superstructure. [In actuality though, its value is derived 
by regression analysis so it should have a probability 
distribution. Since the value was independent of the 
technology being evaluated, the same pdf, shown in Figure 


14, was used for both ships. 


Finally, the deckhouse volume was assumed to vary 
as a measure of the total volume required. Both designs’ had 
uncertainty in volume required due to regression 
uncertainty as well as the transmission technology. As 
explained in the last chapter, for a technology type study 
the hull size should be fixed with the superstructure 
varying to meet the space requirement. If an ee is 
displaced in the Rull by increased machinery volume 
requirements for instance, it can be relocated to the 


deckhouse. 


The mean values for superstructure volume were 
based on the ASSET calculations with assumptions made for 
the variance, skew and kurtosis. The RRG ship was assumed 
to have a greater amount of variance and. skew because af 
greater uncertainty for the volume requirements of the new 
reversing gear. The pdf’s for superstructure volume are 


shown in Figure 15. 





Figure 13. PDF for Gear XK Factor 
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Figure 14. PDF for Deckhouse Density 
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&.2 Samole Presentation 


After a tradeoff analysis or technology assessment 
is conducted, the results must be presented to a decision 
maker who will make a choice. The whole purpose oaf this 
approach to risk assessment is to provide a quantitative, 
clearer classification of the risk ta the decision maker. 
If this new procedure is toa be accepted, this advantage 


must be demonstrated. 


The follawing is an example af how the information 
fram this tradeoff study would be presented to a decision 
maker. It uses probability distributions far weight that 
were generated by the LOTUS analysis and distributions for 
acquisition cost, sustained speed, and range that were 


assumed by the author. 


"Good morning Admiral. The purpose of this meeting 15s 
ta make a decision concerning the development of a 
reversing reduction gear for future cambatant' ships. 
The possible decisions are ta pravide funding for full 
scale deveiapment, ta continue exploratory 


development, or ta discontinue development. 


The first vu-graph (Figure 16) shows the nominal 
characteristics of our technolagy assessment frigate 
equipped with reversing reduction gears and fixed 
pitch propellers versus ane with the baseline 


controllable-reversible pitch propellers. 
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DISPLACEMENT: This vu-gqraph (Figure 17) shows the 
results of the analysis of impact on full load 
displacement. The upper curve shows the probability 
that the displacement will be equal ta or less’ than 
the value on the x-axis. As can be seen, for any = given 
level of probability, the RRG ship has an 
approximately 100 ton advantage. The probability 
density curve at the bottom of the chart shows that in 
this particular case the distributions exhibit little 
skew. Also, from the height of the modes, it can be 
seen that the RRG ship has slightly more variance. The 
variance for the baseline with CRFP’s is due primarily 


“to uncertainty in the regression algorithms. 


Examining the distributions for Group 190 (Figure 18) 
and Group 200 (Figure 19) weights, the source of this 
difference in variance is primarily due to structural 
weight. Analysis showed that this is due to greater 
uncertainty in the volume requirements of the 


reversing gear. 


BOTTOM LINE: RRG has same weight risk as CRPF with 100 


ton advantage. 


ACGUISITION COST: Cansidering relative acquisition 
cost next, this vu-graph (Figure 20) shows that there 
is a 65 percent chance the acquisition cast of the RAG 
ship will be less than that of the CRPP design. The 


increased variance and skew for the RRG ship 1s caused 
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CUMULATIVE PROBABILITY 


Figure 17. CDF and PDF for Full Load Displacement 
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CUMULATIVE PROBABILITY 


Figure 18. CDF and PDF for SWBS Group 100 
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CUMULATIVE PROBABILITY 


Figure 19. CDF and PDF for SWES Group 200 
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CUMULATIVE PROBABLITY 


Figure 20. CDF and PDF for Acquisition Cost 
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primarily by the possibility of developmental problems 
resulting in higher than anticipated research and 


development costs. 


BOTTOM LINE: RRG has medium cost risk due to potential 
setbacks in R &® D. Has 65% chance of being better than 


CRPP though. 


SPEED: Concerning performance, this next chart (Figure 
21) shows the expected sustained speed given ae fixed 
powerplant of two LM2500-30’s. The cumulative curve 
here shows the probability that the speed will be 
greater than or equal to the value. The RRG ship shows 
an advantage for probability levels af less than 90 
percent. The RRG design has greater uncertainty aS can 
be seen from the pdf, because of greater uncertainty 
in the estimates for propulsive coefficient and 


appendage drag. 


BOTTOM CLINE: RAG ship will always have a speed 


advantage ranging from nil to 0.4 Kts. 


RANGE : Similarly, the curve for endurance range 
(Figure 22) shows greater variance for the same 
reasons. These curves indicate that given the amount 
of fuel assumed, the RRG ship has an 80 percent chance 
of having a greater range. ict necessary , this 
probability can be increased by Seanad a margin for 
fuet, which will cause the displacement and 


acquisition cost curves to shift to the right and the 





1 — CUMULATIVE PROBABILITY 


Figure 21. CDF and PDF for Sustained Speed 
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1 — CUMULATIVE PROBABILITY 


Figure 22. CDF and FPDF for Endurance 
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sustained speed to shift to the left. 


ROTTOM LINE: RRG has greater uncertainty on range 
attained but based on current fuel amount has 80% 


chance of Raving greater range. 


OVERALL BOTTOM LINE: Based on this analysis, we rate 
the technical risk of the reversing reduction gear to 
be low and the cost risk tao be medium. We therefore 
recommend that development be continued at the current 
level, with emphasis an the volumetric requirements) 
and those elements causing the greatest uncertainty in 
research and development cests. This en will 
allow us to refine this assessment before the next 


decision point in six months." 


Fram this example, the advantages of this approach 
to risk assessment can be seen. The graphical shee of 
information gives the decision maker a better feel for the 
risk and poassible consequences without the facts being 


obscured by margins. The source of uncertainty and whether 


it is caused by the new technolagy or by standard 
estimating relatiaonships can alsa be determined. This 
example concentrated on the technolagy assessment 


application, however this approach has advantages for other 
phases of ship design as well which will be discussed in 


the concluding chapter. 
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this thesis was to show the 
usefulness of using probability distributions to classify 
risk in the naval ship design process. Additionally, it was 
necessary to demonstrate how these probability 


distributions could be analytically generated. 


The example study in the previous chapter 
demonstrated the usefulness af this methodology for the 
technology assessment phase of the design process. The 
author believes that this approach would also be useful for 
the purpose of establishing, monitoring and managing the 
margin policy during ship design and construction. The 
margin could be | established using the cumulative 
distribution curve far a desired level of probability. 
Those items identified as having the greatest variance and 
impact could then be monitored more closely to avaid 
exceeding the margin. Also, as more detailed information 
came in, the probability distributions could be updated to 


show the potential for exceeding or beating the margin. 


This approach also has a beneficial effect by 
Causing the subsystem designers to consider the possible 
spread of values for their subsystem. Perhaps more 


impertantly, it helps to remove the uncertainty that the 


ay 





ship designer might have as to whether the subsystem 
designer was giving the best passible case in his input, or 
conversely, had added margin so as ta be more 


conservative. 


The following steps are recommended to better 
assess and manage risk in the ship design process and toa 


implement the propased methodology: 


(1) Educate both subsystem and ship designers in the risk 
assessment methodologies described in this thesis. 


(2) Require subsystem designers to submit a probability 
density function as part at the technol agy 
characterization pracess and indicate how it was 
derived. The important point here is not the exact 
methodology used, but the thought process behind it 
(i.e. an assessment based an good engineering 
judgement would be better than analytical methads 
poorly applied). 


(3) Implement the method of moments methodology in a 
program for monitoring weight during detairled design 
and construction. 


(4) Reexamine the present synthesis model estimating 
reiationships using the assumption otf 
heterascedasticity and evaluate the variance, skew 
and kurtosis. 


(3S) Conduct further research on implementing the propased 
methadolagy in the ASSET synthesis model. Specific 
areas requiring further work are: 


(a) accounting far the impact on structural weight 
of variations i1n full load displacement. 


(ob) establishing need to consider dependency 
between estimating relationships. 


These steps are listed in an ascending order of 
complexity and logical order of implementation. It 1S 
realized that this methodology adds more complexity ta the 
design process but it is believed that it would add clarity 
to the important issue of risk and help in making the 
proper decisions. 
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APPENDIX A 


LEAST SQUARES DERIVATIONS 
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A.1 Ordinary Least Squares 


Assumed Form of Equation 


Y1 = @A@iXsz FTF Ao F Ey 


Aim is to minimize sum te,2 = IT ly. - aixa — ao) 


Will derive two equations in two unknowns 


OL€317/das. = 2 lysa — 21%. — Ao) (—-x.) = O 


WGY aa ag Xa — aox. ) 


li 


2 (Ya Xa = aa = Aco, Xi ==> 


ail X47 + aol xs. = Lyiaxa First Equation 


aoe «4 ~/0 ao = wae (ys =e elige4) ao) (—-{) = O 


LYa ~ A@ilXa — Aon ==> 


aiLxi + aon = Ly. Second Equation 


A.2 Weighted Least Squares (Heteroscedasticity) 
Assume Variance fy/xs emer maast) 
Equation becomes: 
YilF (Xan) = aaxal¥€ (Xa) + Ao/F (X41) + Es 
Memeo — a) ye / (xs) — aarti /t (%.) — aa/f(x.)) 
Again deriving two equations in two unknowns: 


Ee wat Cog aK ta oS 


dL€:17~/oa soe 
a)) /#x~.)) = O 


qd — 
aay * Cx C74 


SI 
‘a 





= UAV a se 7 ES OC) axe Aix, ~/ FA] (x, ) — aaa tia? 


‘af 


Qilxg =/F= (x4) + aol xa/f2(ua) = Lyaxa/f2(e_q) First 
Equation 


dLE41~*ldao 
= 0 


2 (ya /F (xe) — aaxal/f (x4) — aol/Ff (x4)) (-1/F (x,)) 


= Lya/f2(x.) -— aalxa/f2lxg) - al i/f=(xi.) ==> 


Airy xa /FH(K,) + aol lL /FACK,) = Lys /F=(%,) Second 
Equation 





APPENDIX B 


SOLUTION FOR BETA PARAMETERS 





Given the first four additive moments G,, G Gown G 


Zoe. es 4 


the parameters of the Beta PDF (a, 6B, a, b) can be 


found as follows: 


el) 
©) 
(3) 
(4) 
(5) 


(6 ) 
) 


2 3 2 
Bl = (G,)°/(G,)~, B2 = (G,/(G,)“) + 3 
R = 6*(B2 -Bl - 1)/(6 + 3*B1--2*B2) 
M1 = 0.5*((R - 2) + R¥(R + 2)*(BL/(BI*(R + 2)7 + 16*(R + 1)))°°? 


ema CR = 2e= ReCR + 2)*(B1/(B1*(R AD" + 16*(R + Lys 
If G, € 0, then a= the larger of Ml or M2. 

If G, > 0, then a= the smaller of Ml or M2 

Bthen equals the other value 


b= 0.5*(G,*(BI*(R + 1 es SCR oe Ae 


it 


a= G, - @/f *b/(1 + 4/8) 





APPENDIX C 


INPUT AND OQUTPUT FOR TRADEGFF STUDY 





Gol inpeae for CRPP Ship 


SHIP DESCRIPTION: 


HULL FORM GEOMETRY 


LBP 
LBP/B 
LBP/D 
T/D 


MAX SEC CGEF 


HULL V 


OLUME 


DKHS VOLUME 


StikeeHE 


TIGHT 


DKHS MTRL TYPE IND 
DKHS STRUCT DENSITY 


SHIP RE@ 
ENDURA 


NCE 


ENDURANCE SPEED 


PROPULSION PLANT 
MAIN ENGINE 
MAIN ENG SIZE IND 
MAIN NO ENG 
MAIN ENG TYPE IND 
MAIN CONT PWR AVAIL 
MAIN CONT RPM 
MAIN ENG SPEC WT 
MAIN CONT PWR REG 
SEC ENGINE 
SEC ENG SIZE IND 
SEC NO ENG 
SEC ENG TYFE IND 
SEC CONT PWR AVAIL 
SEC CONT RPM 
SEC LENG sree WT 
TRANSMISSION 
TRANS TYPE IND 
GEAR K FAC 
MACHINERY ROOM 


MACHY BOX VOL IND 


MACHY BOK VOL 


MAIN ENG CGS IND 


MAIN 


ENG CG 


ARRAY 


SEC ENG CG IND 
SEC ENG CG ARRAY 


POWERIL 


NG 


NO FROP SHAFTS 


DES 


GN DHP 


ARRAY 


(2A 1) 


(2X1) 


(2X1) 


SHIP A: TTFF WITH CRP: 
VARIANCE IN PAYLOAD 


37 

SS) 
Piers 
0.4935 
0. 805 
978710 
113744 
20 
SPEEL 
4.13 


43500 


2 
4, 


J he 


262350 
3400 
ee 

21000 


cooogoeo Oo 


18S 


O 
125600 
O 

O 
O57 
0.56 


OOO 


8E+06 


QO.0087 0.0003 


O=CALC 1=GIVEN 


2=GT 


O=CALC 1=GIVEN 


2=GT 


© 


1=MECH 


Oo 


NO 


-4E+135 


—-9. 9000 


eee? oe? lato a OG. 1 


O=CALC 1=GIVEN 


O=CALC 1=GIVEN 


O=CALC 1=GIVEN 





ENDURANCE DHP 
PeROrFELLER 

PROP TYPE IND 

PROP DIA 

DESIGN PROP RPM 

PROP LOC ARRAY (2X1) 


ELECTRIC PLANT 

GEN KW 

NO SS GEN 

SS ENG TYPE IND 

AVG 24 HR ELECT LOAD 

FREQ CONV IND 
COMMAND+SURVE ILLANCE 

SONAR SYSTEM 
SONAR DOME IND 
SONAR WT ARRAY (4X1) 


AUXILIARY SYSTEMS 
VENT SYS IND 
FAN COIL IND 
COLL PROTECT SYS IND 
NO AUX BOILERS 
FIREMAIN SYS IND 
PRATRE MASK SYS IND 
ROLL FIN AREA 
NO FIN PATRS 
UNREP GEAR IND 
NQ ANCHORS 


mom’ : tirroOat mari Yair 
Teas i 2h Lois ti ASN 


OQUTFIT+FURNISHINGS 
UNIT COMMANDER IND 


CREW ACCOM ARRAY (3X1) 


HAB OUTFIT IND 
STOWAGE TYPE IND 


WEIGHT MARGINS 
GROWTH WT MARGIN 


Bui E0ADS 
SHORES 
Suesas PERIOD ARRAY 


4646.8 


Pe 
16.35 
140 
0.9496 
0. O502 


2000 
4 
1 
2601 
O 


STD 


PRESENT 


FULL 
NONE 
NEW 
NONE 
79 


NONE 
hice 
sl: 

aot 
MODERN 
VIDMAR 


435 


81 


1=FP 2=CPP 


1=GT 2=DIESEL 


O=NEW 1=OLD 


O=NONE 1=PRESENT 


O00 0 


Coo0o 


OOOO 





FUELS+LUBRICANTS 
USABLE FUEL WT 
BALLAST FUEL FRAC 


BASELINE GROUP 100 WEIGHTS 


Gaz Butout tor 


FULL LOAD 


LIGHT SHIP 


WT. GROUP 100 
Bi: 
=: 
x 
gO 


a 
«= 


WT GROUP ZOO 
Bl: 
Be: 
ix: 
34/8 


“3 « 
i = 


CRPP Ship 


sO 


45 
45 
1080.3 
0 

SWBS 
110 454.0 
120 145.5 
150 S627 
140 33.9 
CO tH AG 
190 - 14.1 


CALCS FOR BETA PARAMETERS 


Ss eam yo ame eg me ee ce ee ee ee 
cm cm cm ce mt me ee ee 


JO34.854 333.6618 


0. 9000003 
2.-93754351 
45.16149 
eae 7 
2i. 46559 


4159.800 
0. 000008 
2.875425 
Aa oT a7 
21.69474 
21.45444 


L49osaLL 
0.900013 
=.801681 
Vid EG ara) 0 aes 
£22 70661 
12.543561 


fo ee res pane 
0.000005 
2.026026 
ergy A TO ie 
eee Oo 
15.804235 


083.6479 


438.0834 


Ga l7 4o7 


41.43845 
ALPHA: 
BETA: 
LOW: 
RANGE : 


41.43845 
ALPHA: 
RETA: 
LOW: 
RANGE : 


42.62560 
ALPHA: 
RETA: 
LOW: 
RANGE : 


=—[2.16714 
ALPHA: 
BETA: 
LOW: 
RANGE : 


SA ZASO ao 
21.46559 
2i2675790 
27491.585 
S28. 2889 


—42435.5 
21.46444 
21.469474 
2987. 5-28 
52952700 


—-41i6135.1 
2.94561 
2.70661 

Loo. .4385 

PLAT par O75 


Oy se 
boas 7 bos 
15.804.35 
435.7768 
95.14516 





WT GROUP 


WT 


GROUP 


WT 


GROUP 


WT 


GROUP 


WT 


GROUP 


LOADS 


200 
Ri: 
Fed 


Mie 


a 
— «a 


400 
Ril: 
Bas 

x: 
ie 


a 
Lan 


900 
Bi: 
B2: 
Mi: 


M2: 


7a0 
Bi: 


Ma 
ton 


= 
iXv=s 


Moe 


> = 
Lan @ 


Er iee 
Bes 


Mi: 


7) « 
Lan a 


315.4707 

0 
2.814029 
29. 26489 
13.65244 


15.65244 


eee Se Le 

Q 
2e 747412 
20.75415 
Beet gol S 
G25770/35 


648.6517 

O 
a Joe ie 
125.3573 
650.67878 
60.67878 


427.2609 

Q 
Vil = As 12, (ox Po 
Pee sos 2 1 
33. 29460 
Soe 29460 


150.0412 

O 
2.726015 
18. 89908 
8.449545 
8.449545 


1504.055 

QO 
2.526645 
Poe ey 9 
3. /O57o 
Se7oGo7o 


1.662544 


24.79406 


12.72076 


0.902103 


OZ Ole 725 


ere. 


ALPHA: 
BETA: 
LOW: 
RANGE : 


ALPHA: 
BETA: 

LOW: 
RANGE : 


ALPHA: 
BETA: 
| OW: 
RANGE =: 


ALPHA: 
BETA: 

LOW: 
RANGE : 


ALPHA: 
BETA: 
LOW: 
RANGE : 


ALPHA: 
BETA: 
LOW: 
RANGE: 


SoS 3Go 72 
13.465244 
13.65244 
288.1244 
DOnoO7 2a7 


—-0. 69824 
2577073 
9.377075 
646. 34786 
12. 02820 


eee eet hd 
60.47878 
60.67878 
09S. 1040 
111.0554 


—-12.8445 
SS. 29460 
33. 29440 
2°96. 64650 
61.19186 


—0. 00000 
6. 4495435 
8.449543 
129.8544 
0.409197 


-9O. 00007 
SaaS 
Se 7 ooo 7o 
1503. 503 
0.899115 





C.5 Input for RRG Ship 


SHie 


DESCRIPTION: 


HULL FORM GEOMETRY 


LAF 
LAP/B 
LBP/D 
T/D 


MAX SEC COEF 
HULL VOLUME 
DKHS VOLUME 
sol HEIGHT 
DEHS MTRL TYPE IND 
DEKHS STRUCT DENSITY 


SHIP REQ 


ENDURANCE 
ENDURANCE SPEED 


PROPULSION PLANT 
MAIN ENGINE 


MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 


EMGn ot ZE. 
NO ENG 

ENG TYPE 
CONT FPWR 
CONT RPM 
ENG SREC 
CONT PWR 


SEC ENGINE 


See 
=)— B 


Soe 
Soie 


Reef toe oe 


See 
SseC 
TRANSM 


ENG SIZE 
NOQ ENG 
ENG TYPE 


CONT PWR AY 


CONT RPM 
ENG SPEC 
ISSIOQN 


IND 


IND 
AVAIL 


WT 
REQ 


WT 


TRANS TYPE IND 
GEAR K FAC 


MACHIN 


ERY ROOM 


MACHY ROX VOL IND 
MACHY BOX VOL ARRAY (2X1) 


MAIN ENG CG IND 


MAIN ENG CG ARRAY 


(2X1) 


SEC ENG CG IND 


SEC ENG CG ARRAY 


(2X1) 


FOWERING 
NO PROP SHAFTS 
DESIGN DHP 


ENDURANCE DHF 


SHIP BH: TTFF WITH RRG: NO 
VARIANCE IN PAYLOAD 


wo 

3.35 
Pisis 
0.493 
0.803 
990528 
112685 
20 
SEES 
4.198 


4500 
20 


ooo ooo 


Ci) 


18 


Q 
1254600 
OQ 

O 

OL oF 
0.26 
0 

QO 

O 


ae 
rae 


205080. 
2435.5 


84 


ZEtO7 F=SeET1O 


O.9087 0.0003 


O=CALC 1=GIVEN 


O=CALC 1=GIVEN 


2=G6T 


O 


1=MECH 


Bea 7° 7 bets 


O=CALC 1=GIVEN 


O=CALC 1=GIVEN 


O=CALC 1=GIVEN 


—lE+T4 


—O. 9000 


—506.1 





PROPELLER 
PROP TYPE IND 
PROP DIA 
DESIGN PROF RPM 
PROP LOC ARRAY (2X1) 
ELECTRIC PLANT 
GEN KW 
NO SS GEN 
SS ENG TYPE IND 
AVG 24 HR ELECT LOAD 
FREQ CONV IND 
COMMAND+SURVE ILLANCE 
SONAR SYSTEM 
SONAR DOME IND 
SONAR WT ARRAY (4X1) 


AUXILIARY SYSTEMS 
VENT SYS IND 
FAN COIL IND 
COLL PROTECT SYS IND 
NO AUX BOILERS 
FIREMAIN SYS IND 
PRAITRE MASK SYS IND 
ROLL FIN AREA 
NO FIN PAIRS 
UNREP GEAR IND 
NO ANCHORS 
POLLUTION CNTL IND 


DUTFIT+FURNISHINGS 
UNIT COMMANDER IND 


CREW ACCOM ARRAY (SX1) OFF 
CPO 
ENL 
HARB OUTFIT IND 
STOWAGE TYPE IND 
WEIGHT MARGINS 
GROWTH WT MARGIN 
FULL LOADS 
STORES 
STORES FPERIOD ARRAY (441) 


1 1=FP 
16.354 
140 
0.9496 
0.0502 


2000 

4 

1 1=GT 2=DIESEL 
2/789 

Q O=NEW 1=0LD 


1 O=NONE L=PRESENT 
0 0 
210 Q 
200 O 
O O 


ooo °o 


STD 
PRESENT 
FULL 
NONE 
NEW 
NONE 
7Q 
1 
STREAM 


“) 


PRESENT 


NONE 
ao, 

Ze 

20 
MODERN 
VIDMAR 


45 
=O 
45 


Ooo°co°o 





FUELS+LUBRICANTS 
USABLE FUEL WT 
BALLAST FUEL FRAC 


BASELINE GROUP 100 WEIGHTS 


C.4 Output for 


FULL LOAD 
Bi: 
Bi: 
Mi: 


—) « 
—_ 2 


CiGmt! SHIP 


WT GROUP 


WT GROUP 


WI. GROUP 200 


RRG Ship 


10 
SWBS 
110 4 
r207 1 
130 6S 
160 
170 
190 


43 


37.4 


435.95 
44.2 
39.0 
53.4 
ites 
13.9 


CALCS FOR BETA PARAMETERS 


ery 


Baa 7 
O.000121 
2.886157 
49.612635 
24. 30157 
FEBS 5 SO Fa] 


4087 . 934 
0.000121 
2- 886152 
49.619020 
24. 20054 
25. 350986 


1473.182 
0.90022 

Taal, = pupae pate 
29. 75028 
G57 127 2 
14.037356 


4355-2787 
0. 900093 
eee 7 oy 
30. 07994 
14. 24950 
13.85044 


ee OA 


397.4037 


a9 /. S877 


64.Q03193 


~150.763 
ALPHA: 
RETA: 
LOW: 
RANGE: 


—rst0 Vase 
ALPHA: 
RETA: 

i OW: 
RANGE : 


(55.000 
ALPHA: 
BETA: 
LOW: 
RANGE: 


—4.94252 
ALPHA: 
BETA: 

| OW: 
RANGE : 


SOE (OIE 
ALPHA: 


86 
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MEAN VARIANCE SKEW KURTOSIS 


ee 769, 
14.35 
4.80 
O.10 
1.00 
70.00 
70.900 
Je DO 
Ze oO 
3- OO 
34.90 
11.00 
64.50 
i. 
2.20 
4.00 
6.40 
ore) 
393.00 
3-90 
2.40 
1.40 
Fil iF ®) 
15.00 
12.00 
935.00 
12.00 
12.900 


PlSOSTSSOSOSCOCODCOCOOFC OG ODO OKO GOO 


SECSCOSI999S9N0OCOCOOCOOO SOD OCOOOSS 


POETF9SSCSOGOODODOODODO ODOC OOOO ODS 


e. 































































































































































































. 
: a 
»o = wv 
E - 
eo ° 
» 
so & a i | 
~ ba : : : 
: - i : Me | 
. om = ~ Z e . oi = . . i 4 
| | | p é Fe e e « - . ba Cad .* -~-* 
e e - . ‘ . ” ~ Sy - - SS = ON 
- . . . « w =? “7 cs owe 2 oa i "ah 
« ‘ : awe : wns Pr “oe Ui 0 paetic 7 
. = . a e . « s es = . 3 © ee = = 7 : i cae aerate _ 
Z - == - s Ye ahs a - . - - oc8 Ce ens A Adige aos raider “wae = 
. . 4 e ~ . ~ a * = 8 we e >a os e¢ = I ee a i 
Jee ~ e ~ . -% e . - = “ ee ~, = ea SS . 
- =) © le = . ~ ts - ° om e 8 - eT el ” x x mci scam 
. ee ° . » = . » ¢ - . . - - ° an Ne 2 = -_- — bgbeice says 7 7 ann : 
- = - . - e ene . . a - ve ms oe ° “ = nase od oe %anv ee leh ints ae ak 
° mie “i - 8 . a e “ a4 - . o Oe OO po out a ada 5 as 
=. - ee = = ty ss @- . . ears se ae ae af % ‘ s 
. . . Be . - a . -¢ = eo se. -8 “ a sh tegen Cqugr ce of OH wears Srey ae at 
« . m se * e . ee - - - ~ - a we wee Pe id ~ © @ ae eS ree ia ie a 
-_* . e - = =m B- -_* - e . « . - a - ee a wat - etre tee ry eo: el Pe = 
=, eer 2 =. a os — 8 ° - = «ct 2 = “e e+ Oy ok . oe . * aetire we fe we 8 as 
o . - 7 . a . . - e . Pel so = ° . Lad ® ssh CY in ave we —_ a ag a Sapiens puree 
7 | 7 : | | . . . "5 2e - mere re - - » -_- = ae 
: : ; en z e , F on a a | o e ? a. - . @e . e . - “. =e 7% - "" r,? Lee) = oe fry - “2s - oo - not ge oe 
avin * = -« ~ . . ° wets bes ‘ - . - s ad “ -* - on” a **sm ea i z 3 foo : - — 
= - / - - - ° = o- « = . e . - « - 2 ¢ ee t= et * * e CP oad =a * Pe ee a phasis are cme pees 
oe om ~o - a: ais =. . = we v2 * a ‘ a* #7 fe 6 ° -e + = =o See nae S eae = dee : 
— - “Sos -™ - ~ « ~ “ o. 2 « cad - - 2 eae mo «ee =e “ee aparece ae eee sia spate” pet 
—- to om = o- « . ee we 4a=% = -_% & ~ * fhe ' e - 2 «= o-g'= « PP aie ers wmeeeen oo @ e * a) gt Seem = - Rad egret e 7 é — = 
—_—— . Aa 3a © ° . s ee Oe apices ta oe sae wo oe - spbaneeaie)) o's) ¥ coe oe 
= ~ ™s = = wt, - * eo: « 6 . ¢ - : =U as = ots 7 1° (f Pare oe et a ee Sem wee we E : 
2. _ yD athe ors nm "3 ° . a & = ae . * - a” F . . - ¢ of Pate . at entre a ad ome *- ~ ~~ ~ -- Pr 
Boe Te see iu -~aon - ~~ 1 . . . es . = ce # eer * * a - - . - = = as, =— =“ t0g9¢ 10 F = -="@ =®@ ~- oo wd mee” 
~ == wrqtes 2 -_ eo @. ™ ~- ~ . oe = ~~ 4 - o 19. Fo a- © =o a stems. wt Coes wees Stee ovianeeacet . ee a ; 
= = -~_ ame =e DS ted we . -~ - > + e > ‘ = . ‘ fm ee -< e* . “4 - « = a ad “- - «et Fees “« " ¢ ara are getline 3: > 
ae 2 = ey NS Sir ae ~ < a . om st . - e a - - etal =>? ° « = Foren er at 8e yuo? ee ~ o mimes . reanete faa Poa fos) 
= a sane oo ee ~ = ~ ee te - oe eS oe =e tt » - Gee de eo mngwmt eee ee gman *® soe = OOP ner ese paanererace Fee pe eh 
=? - « - . ~ 2 @ -. ~ a e- - “ = ” - - ~ as ra a ° - . # 2 ‘ et tn wnetowes. ot ——= ke oe es i ee ene or : a ates, 
"me agata=® = ~* nee ey es » oe - = ~ = = ee oot e . o e ' oe Pt od ted ee ro) Mie ma ee sac enn os fei ees Ee = 
ia ee ce Ae ~~ =% . x= % ad . ~ as >? ¢ e oe - » ae a ae a adeeeeg=e = a Mae w ors ania years Peake se 
= o.2 ea - . es eo = ae? e Vy bales - s 7 ¢ ' ” on” ae > # se *@#@ wits es onwe 2 = we Beeb age om -* Pie merase eS wt w*e Oe aes poset a 
e - an = . a - = 4 . e * . - * o a e o or a gt *- - = ert wut at ot _ owe . e wes=s versegity= = -<ews gv rn eee ee 
< -+ @ a oy >? 7% va. -=4 ~ . , “n =. . a » - e vd 2 . @- nee al - ° of =. ses of oe See ether ay es Sange gee eter wat ew = a ecg ONE Pale ree 
nae - = = Ne - =. - ae % ° . = . @- ee a &¢ we wr ema ee we? - os - «oaumm-t owe = we ee Rp ee Me = seems #088 
, =~ evra a id . . te Taal a qe Me ~e = — a ane % ° . se - . « e - rr) vad - z 4 = ~# e 2 8 gn O98 = oe sgsone weg* a" a® paeree 4 20 Fee © ape © Siok ae pape ahaa’ ela 
Aawke ® = 9 . ae e - = oe a ey -2* * ~ ao“; = . . - = e - oo . ef ete =a8he = Vee - ws whee ot ® ae ee AS ore apantae an Sas pe yewracret ame NS : 
cette wae mt ee Fe He SH F . = ~ oe a - es , * . Po] w i . = . . « * - s . * 7h ied ane" > . vlan om Pee ee ee wo yese P50 then 0 pee ee one eae onan 
ma ment oe . = e ° ° os 8 - - * - @ pute oe a) oss « “ -  anoee Pee waneteg otf OOe rorne = > tee gt mamas op aemne tee TIE ee eae. 
~ ~ a - ~s e ™ os a TOR we = e- = »_ .* ® i. . * 5 . « : e ° Cid - 64 aie « Fie eig wits scene o> ig gat ean heen oe eee i" 
* as ~ a a - “s = 4 = = = < « = S Pa « . Py : - « e- Ning etaren segre=ste) =o e= te ase ge tenants ae eo were & ones eNrem™ ate pe Age gt POS on 
_ SO oe @& © eye mw FRG BEES oweads «= © bod = = . a . ra « « . Pe lad « . = 8 « e « Bye eens =i ge casiemgnee emir eetw See ean ae ee a oe 
sway wee - a eeeam= "=" ° Pee ee no en a u e » a. ¢ ” . “ ‘8 Pr old 2 atime <8 — gf ayers en ss sane = F aphen Bat Sn snus mee wn Te Sega Ome 
— See me oO UMA &, @ eyte yee -a4 ae 2 we ~ 8 5 . » » &€ « . v7 » . s ="@-" ¢ » a? a @te°* ae = ao * of 8 ghee = etgmat meee se ¢ wet = oemarsténe nett gaat goa or < vwitteg 7 wae eee oe — ae hep 20 
ladon gmt isis als, Me ne aeene SSS e- ac . wee ta = — = weg me ° =. 7 oe - = ots Ne teow hea ct ae 3 OEM ctgegt tn nn th eB eae ange OOw™ wre arp ena sabes © ar 
re a wcttme aen YO = 8? 8 Pe to Hct ae & oD © 2 ee . ° . oF mitensare = OF Om we etre ge seer anse® TN le aa alee dll Fe. ok De otc amet 
= 7 = | _ | | | | 7 Sea : 7 pec et hee Geert = weg eta wtete” - - = 2 tee ¢ é gee te ft mgt fer gag 28 my reper nd mee ~ eg 
. we Wee SRE SS” ee ee eo 3% 7 er ed ‘ > r . . a . en =” -# oor -,ees p= pnstemen a sosner ¢ 2 apgrer ote 4 amen nag ermar sivte™ o ~*~ ~ “ re ee ea oa! 
ee ee Baers} ee ti) ~. * ant aoy Ms whew. “ e NE tNee . : . © ewe e-e o-. ons a ey -_ eee asters © * aoe lees, = eee eS NE RT cam eset pape pina s ecevnen = 3 apn ges seer 
e m= ame & dad peg eeteme uae = 8 * aw ~ a . S20 RS * - ‘ - . - oe gestae? oe &.* bees eetee | Ween ee ee pr OIE AE Og CMTS IE ene: — 7 
= eX ee a 2 ek HF On ED fweeet, at we «6 pot % ~ w qs oo! . . . a . ens = ae o etenee ste seete aatouee 2 ame ewe = puree ee Pe ~ egctnen! SS ae a ee - 
~— me we ® oa om ae eq te ot = _~ Pa -— «8 = , sw x es e- . a ad cee ces ioren we Se MFT OY ~<a a peee sage tt aed aeaae errs oe one me a “ae 
= a ne we nian ee a! eo. meee % BE NS eo. en ~@ Sayan, # « ¢ ¥o ® & ~ ~ soe were os we ae . .-3 oe «* aot ee vere 6S re eae -* ' ae eH 01 eu ew OM one e ae en? oh et et Ae oy - - 
= = : : | | | : a or pees Seren les ae - - ’ ore est fe £% ae ftw =e. ee ote ey pee 4.59 “Se mgttgst fae ES 
a err eee mm. Pytite ae oe SNS megs se. S= AS “a oe *e2% . e . A 7 ad é a 4 sew a ee oh see Pe a ed watqer ee we tow « Oe =e Fa tet eg So Hue age P= Gm ge OGM sete ew ae" a eye Sem Ete < 2 mete mae 
eh chew ef Oe Om ~ aya ‘we 2 & tame . ~ - i= "66 “ - . ” ® - e wen Ue e ee -¢@ -s ware tee owt Fans OP . vate Moms ewe aenyautgans” Liman neg Fat pong vartee enn Aa a er ekg hee a 
He ee eee - ww 8 Ae HANS etytqrute sind © ae ~ ~s - me, .2 . ~ Po ¢ Phe . # ¢ were Brey ee 6 - oe # wer angauese gtyt oe" eee ot egtes oe eo eaters aera dare 2 cu pragene, AGS gia ane 
me iwecne se er se Setet Alame%, wh bee'® =m 2 88 he SL Oe fqsen ° = . = - ‘ oe 2 ae evets os mn. a oe PY ee le we tgennctanpag guneacee aon Cane os eee epi tcina , er Totes 
se cain enewnal o ee Me awenms => 09 ~~ » . te wee os Se es ~~ e tal 4 Sd * me ae er - 4 aetten se one e a «sor gerr a ae o rte ee = ate en Shae fern pagers FEO pwn DP Gee Hig Fer ere ot ie Ame A ell 
SmI aes Te © nw ® 2 Oe a ~ - so ss ~~ ven*™ - 4 ‘ € *) . ee a - 2 ao plantas = ot TANS ¢ Pe Te lls - seetgeas Oe = PTET ent eg tren sefa ait oo Hageg = ee seabed seas t= pipe 
ae A yh tte FS UTE . a em nme oom 8 wee- ey *- baad st te 2¢ ’ e 2 . ¢ e . - oe f« amsoron e-e'? o ey te a Pe ade td e Mvesere Pe lt el Pa was? anges wer 2 Fe par nee =e er te =: 
ae. Bs A pa ecibcen me Raa) aaa os o = ware te 4A - % e oe ti . «7 Py , = Pd tae ty Kern Oe GE at E® aI ° —eatuve & toc eeeene @ = ee Oe de heal wo Bat ie Be eigen 
~~ tad Be *ett REN qtr oe ee ete ete eteta wie ~ at = »oae - Pa t- ~ -¢ ~ - rT ” ' J cee Par an m= «= twee * re he 0 4a =gee ee Fe” ~ peqree Baverrt se tO mmNnNe meg ones ae Spent OLSOT rae Ae counts 
=. wem~ %” mrtet ome “OE outa ade eel A. tone hadi eee aernr a] 2 2 = = 2 s . * Vd s v6 on a . ‘ of = ywiatg « tar gran et et gntrer segs (YO o 4 Hbtar ane F eee eee Se gag Pe ot preae pee rier 
=. soe Sn ae ts area eMpdneneen® raters hte q@ee * wm “~~ ae -- @ fom s w * w ° . v s¥ a oy ’ e = pe re ° 7 ont ae me oe we =e a wg arg rtm te reser sO eg? POS GFE WT OM ~ teapet™ amge ot OLE ase te at a 6 Uae tere s ab gt ot ag ot 
ete au, 4 Nt ee Tie fe aT HY MEAL “Fm Te asin yw % s . a - - #0 . 8 wee BM sotre HF sere =F cy eave 8 Mate SO tenet ott 8 208e 09d TON Riesee = Purrenee HA eGRse we eH UFTAR TL” ce rene om 
ene Siar ote patel igs sen Awe co em —2 &\ = ff. % . ee an ey » r i ? 6 - s . “ r se - . 4s 3" ee Phd ee ww end Ory etenues one ere er na saw.” rad see= i> = pepeen ftw. on? .pasypene fe mi er de il nn a alll on 
oo Seer oe ve. ait ane SE AS ee é . ae » . © . - e we ¢ ace tes . 8 fe wtety Ff =@ #6 sere" os sa eee Re ewe = pn ge ewe r® ee tale tl eathall at gm eee Mew ao cagere cea tgs Pr” a=, ee age ee 
an, My a nda wy og gM fi Susy Sof en UH MPO mde ye bce a . * - ee od ca a os at 2 ch enorme a =O ca eee Rees oe gn cesOgr sabe Wen een gen Saperpe a ome Sage ©S- cee nt pe ieee a mate ee Sate 
ere ve mag o= HET ee SOF far ns FR Mok mee OF ee 2.7 ae af @ : a . ~\ * a ~ sere er 60a es * go ater Oe marwaw vOm Eee fe eres etere™ ~~ a eer Oe gapy Peel 20 <2 2e NORIO SO ne ee OS A a a ToD tea 
Ss sae eee” mncatysg SS TETNE A wtect BO a Seyret me » @- ae . . z » . a . ' = 7 of so vw # ww ao fr -« Siete age a Otsee ow ad sarraesutt POI: ladda td soo. ean ante emma me ITO pe pean taple nes een 
= a) ee ecru eae ee A OE ~ : . te 8 : “Ge me ou ed ~. ‘ v P) Ps . ete ¢ J 3 « ew 918 pte ce reaat ea neheeys te eee s=O" © nes seems seunonemed tat nate ES" S ee oak ee = 
we uy _* bs se S = nog a - = ~~ . ~ a . - = oa ¢ « . o@ ° vow canter wee” sr Fat °F oe ot repalt eg Pe POP lt add aqgeyt pr ots weg e® ee 2 mg a we =e &~ 
: ty ee Wee ee a ~ + Ae oe % =e ot * a) ° ta 2 0 « Pe ee eed pants orsrihim # a eee = ST meee Beate et PO TURS TAY NTE! Fe F™ ort ~— nremsert ae te 
on Fak Sy WH t9™ © pity Ped 2 ye OH ove Mey Oe es =? > = as al . ow ¢ as . e- “Ss e- 7° ee peat en eee Oe na St Qa tpt srype oe Aas 2 ae yous 2 en oe pel & se wee rem than mga sPsAyagn msn ee 3 a a =. 
~~ a pem ey, oe eae t= MF TY nn bh mp &- iA : oe 3 #88 - . " e oe ? — e* = & ¢ «sty Ramee searet Pe ol ot ale gan Sere Protipan seu J adapter lie EPR pnee POEs Te ao a 
aspen mased aval tte ayer ete nme se") ** tre ete es eee 8 to. a* - Ps a ¢ : a= ev # - » @ ca alan eeer ae m4 OS e uses e wee se cotengtveds se behur -usee pan Jue? Gf tare gee” cated behalaledalal Pian ee ee On Oe ne as 
ay Qe te me Arete YG re teee Nee oth Mtoe? © am - . - ¢ " a = ; =f eee -* ete go te Ostey ¢ = eee 8 gh pe te wat an sunt Ye nape Rael as oat Ge a ne Slips penton ee Spietodens 
wedocntts oye Weysy HUES uae SNe ye ef BUT Cee? OEM ©” wi mm mma F - é » ¥ é =~" « & — sen oer 478 ° - ent FP retene = aseete ee anys ou Aeris oe = shaetren cers eagiignar “mrer mee: sores sco = 
om, ode wm TER Se ST tet Oy, wen oh eal Oy t= He « ante 8 . be vo av t x ' ° * Py ? . - . a wy eo atts @ -ereset seater whe ntete © pro netaty tamer anamae fee? enw poetry” pt hg 088 FO Pe Fd ol yd ode fade fe at a FAS = ent a a I 
nen me thtate sate = ONE we toes 6 a? = wrote? & “* — os w . 7 oe ’ « “> ee e a) Fi she oe tee re = Ne oer ety ene" eae sae Vener ae iyo go cesnene weds s 8 Se eye an 08 ga eretngte @ = Pay SES 
= SoH, Bem oe See Sytad - ~08” due. tog of ¢ 7 ew Q He 2 ° . ’ ron . - Ba, ee ae at tiene edatet, s% oeapesee = F et bmw AP BsasTet ete swawiotire- a9 ee go tnes ig tnt gt GO aT ad pg? tae oe 
whee RN As CaS. “RMUMD HO TOE Rite eens. cue settee | 2 Ne =e YAY ‘ s¢ - a " 4 ‘ fe . 0 , u- . = - @ ow ‘ aed So Gi avaiupen @ mebgnge seasgne regs. ephtgne 24edt= cat Ort = iene ee fare eee oe — = ; 
; sore ame SF i a ; a a a . 4 ¥ f ee @s, ee Pe giao vty Me ght € oe este 9 warren! Faw, So" ~-0* me eo pe ghy oe LOG FF BOR - eaPign BD getoe (hee atte mp enageges an” 2 ca Doty OSE 
% 5 ore. raat’ pear mn Td he ted: Cte ease ow ad wy td ww wwvw* a a .- 8 wy ® e 3 # n * . a@as @ re é fe « va oh area are a Pi ait enh: gentetaig & Merely pad wr at d= Leptesere se manewe ge ~ ~pwor Pe en en pe gre ee SIE eame SS aga gee Me my ao gree 
ee eet A OO AES Cyt Ok ee RNIN #2 We a | Owe ~a * - . = e é aie ry ’ Fo e ‘ Pe ee ad ‘ wp de 8 hE MR NSM prise epee Amenpis = ~geet westase searyrres fh ok le at cl eid v0 faa pryalwernn Our rn = a pete Peel LS ~ 
< Lo gue 8 tate temeiws 5% Fee Pa Pes tg hys ne" ee ee -™ ® » & & « ve ° a ae ahs . ag canted! (=i wanes 2 eke p ford nenet 60 ot Sus EN phan Cotas rns Hatem We fa® wus 0© Any Oarse ts mem Ot cee pe Ps ~ coon Po ~ 
~~ Baa = ta, Fe nats Se“ SESS == Ae On es al aoe hie “ . ~ ave winft e ~ ’ € ° ee ee r 0 = pe ca cengesceen tev so n8re wrsy pup senehpryme= serrew Beate re Beye Nee ee Serge Abst Jay NDA PASE wet ONE Se a aitnananiety yas eee 
we res || aaysgee ey Go Ca RMnrerw ee sos oad tyes wD. ap ted ese % . ~ » . e be & ow ° Fa on oe 4 ets ace there gp nd . a @s bent « Oo a Onn eee PO ee etna ree Pla pants C48 9g 2 0am see® ates oe -o® nae ae ee OT pec oormene = ze = 
c Esse Sanh “as wyatt NS. ee owas sidered ¥ ey ® uf . ae a a¢ ee > ’ -<@ bes 7 oe 62 fg . spate Ff nog ew grat OF Pal ce Pre poet svg aunt re ee al hip ige ay = gtr Fe gph A appt ON wagon EE 
— — waty mde SPECT TS Me ST. CT ok bn ite eel ae Pyle Se #18 Puy % Muted at on Tee ‘ a s oe ° a ote re Shen OG awe et 8 ¢ se oag eg a ee ne eer pester rnp chr onlin he pa ag tt ares air sede 8 pug er PRBS Pete eros oot en ant a 
J = —— Paide my tad agin ty OHA HAM e RAS otter ¥ WA * é é » os ag ‘ ” . fon aot we aargen ¢ 00 # BUF? a a peraceta ne Pr oF te hae a ray? PPD peng reeset oat aan wavawten mre iin : 
ete. 84d Maerees reten= a ee “pe Mt Ft ote are ese ae ~ é 2 * = PE as * ow sue ghruee asap ete wm sae x® we Yee aga ates =r praca sepeen prensa £0 pn ead eS Vne peas rpaentean te : otusaoes ites pute 
~<s “ee Sw yeneatuater gf = renee Me Re ee ts # Ae e « ww wt ‘ “ . - oo . Pa 2 er elie see ere 90 RS erst UNE a8 I ALA ce en, eee NS ee races oor : pete eee 2 ao re = 
= Stee ion Pl Ws ‘ ~~ - = Eee . * i >» » be aw Pr - weet, FFs fe nar gf ese are Pa Chee Bet oewsave ripe ea o few 08 ney et arene? Pee fete PIE = ae Peete - one 
=) _—_—— Petwes 8 “== esate. = Se oe ws See fea wil 6 * . fw # “4 ee wi Ge Sores a ota wie 4 ge. ne eapes ab are P It nd ee" ST il ae al amerreen es ee eens conaee sie eens eos a = = =A 
——s wee Oe ENON an MEER OD Se ENS dn 04 ee By OP oe _ wae em wie “ Howe # . . a « e Ato aetere a r -~ = te pwetste 1e te et cou. puree sesso uray ad 1p ret ed tow papeyeamcoee # veU ger foe TROON grr et ie er = = 
—_—_—_—_—— ashy © ah HAE eed Meytematy ™% © aca wtefute yrs tre atte He MO re ’. w @ av ° cad ag # e* wet eh TY el i ed se ot Sot euere PE ale ad ee ean sseta a= 4 ee ee et ia eae a 2p Pacem ote oe me 
“es — oy A, TER ee Ae ee SAG WENA Bderhiutee See 1 OFM eA nk ce Oa TOM. Cen Pud alas M8 . 6 ayant on - 4 ~sv@e - 4 wee of pure =" pga hee pzireptaatal © Pufy Pele Pr Jegewe.twaaretes fmm en ee mee rev era atolls 
pee Sw care sre hte aye % Cotta tye Um 40 Y aan - “ . * ° = Fd phere whe a8 . ‘ebe eure epee ses ere pag Watare? PETE Wetee F* woysoe st gene wigan) ORS & PCL 0 at Progt qe © soa os are maaesrainerne™ A eae 
ee tenth ONE SET am we Ore tee eNre? SS Sree es #4 ~ * a Wes © oe % os . - - “ see . ee fn =e an Oe erate wane “ PTT EL! ah eh hel ae ge aD o* Ve purrs aopeetvure-atiereee" viele weg tarapryy om Pee owen oF eee vepacs oe a aan 
LL a OE ta oe eels ~e e tet ee, Oe eit Bota TOFU. Fed Mato Errenn® SS * % . ta ws w= ¢ ¢ P) ee es bets © A Wide sort ae Oh ete otst ae 8b e grams” SUM © ween ae aie wr ert sede 29s FF ETT V aS SL ater Ne cate y rs MINT OTOL LS pan ad ame mn mamas we FF 
- —_— aie cide <pure near aell rete ® Se ee haa at 2 aay rat ~ vs . . © ra 7 ns es c # aru wes sme op can genta: tw seney guy tp). te sPUE SIND wen Ore % et pare ris pr saaeaws mes 28% puvrease ee ager nicet wntecmcoer serie 
———] —————————— 2, ely, TRAE USa te Cornered gm awwne= we ™ tate eure ee”. ta-t&y & a * an ~*~ ms 4 tid . a ¢ - s v < oe PaGtore we tw epee wees em gu oo Furs gt Bel EL ee ste viet Ayo este FY Hot Bh. toner Bren tern I= Ae a ee nce ere are - 
@) = — ne we Sey Mares oq ap sentee fea co See WEN ap =etUe “Wu Pet o fet © wule e =.= 5 4 , * - 7 . ee a ’ cw s r a yo gon get Om Pawdba’ wt evra eae’ Beg ew Fe Bye hg Fe PO” cet seam srg mst ree sew 80 Swern = “SEE pw eynre es peta p gets bie oF we ane 
> ed, Age ibe hehe Set eeu e? are red ape enone cuentnme= af a a A ~—%m * . . antic 8 8 ew + ow - ° a ont a pn ccaerte wey qe vabeeree | a yft eu Netuee ewe 1 gan ceLed BE BOD By pe (oe oa gran aags at Ea FE pines He one ae ceore et icra aes = 
—— et A ay ye =e THANE e.euoy eee wow - oe . . ™ . ow © a ee Os ‘ e Apia r . S er o8 = om we - > . sere - aers PY i Lee ed ae prea used sper? ere 4 gh BD sng LEN 180 chide Pre pretnes Svvasen an omer = ogee 
——— Bor fv gre tg eS yew ty iy eA reeey te oe hyen Set hw tah ak tah oS . @ , " . 4 = a ? = 9 ot ote t = eteges ws oe Pout otter g® ecm ress” SUNS & ond eeermae ¢ ee Legian OS eae oe at Tt ence ; ies —_ ees = 
”~ dure & te URE. gt mrnrytar NS qt. Pade v Swe = ol taling mitne =” ¢ “a we " - as & iter fue os o- Pie ad pee? eave Mr 1B gt atom wry hgs VA dt ate ie fe FO. pies ae nn me ana essence Sirgen oe = micetioe 
————— nf ated AE USs Hot 02 PEs wie a te OF ate eke Joa y atm. Wee? “e & mo wee et ‘ 2 gute 8 ° e oe w ne oe ot 2 wP re) veer fa 0. Ue asi FY ee Vat wee Ope SEET tO FUE RE sertyee eet Fh foi D> CESS OTL pge tans Sp peace arto rad eaT NTL cage pewt one ™~ 
= —_— Saget er eR ne oet eS arate 44. ~ SUA wees a eye as Vv wf aw oe re Cen pa anr Cf tet OE hmm ote ede yeeer stan Sgt On 8% Qyewe gee yeuel& a's son prag POhot rer BIely= sesmedt 0 ap art pa sog own PPT 2: Saran omar 
—_—_—_— ol ee Pitas SE Pe te ee FR en yrewty 09 ety HUE Se a aeietel en wile oY ”' fe AN RS os ne ft . 2 . yer a San a ower 5 ie patent store 0 # eo OR SUTAET: odes vse! eure re Ee dah taste aD a eon ne ne secnoarr te sao re Sa 
——— Vas atae Se N cgeenh OTN EAE BED CaN Ne NR Rete Mu gear e - Oo eee ane ae ee iF a , a i ak Oe ‘ . aa ee roe 1 ges devaenyse reve A wate eon etre Cairn? Bee guest tS Bede M8 0 OO ne awe seer end sae sess : 
——= rons ee eee enna Nc’ NEV feite, pampee byt etalon © “Hee ee Pyle _ Maree . »s WwW RX wtet ow NY x rd eve a # fw « ca - -&# ae -° eatin Ppvee pwr? B= sJEr me sem green 6% grree aoe eaieptanawwes Lapeer 168 ee 8 ger t= fe pega annem wr ae ae en nae om 
ES Pele Powsatea =9"* ety yh fee ee He ee Seg we SN adele ued weeFe Ss eh ~ CY * . me arn a twee rid ve i aset w! Bee ep UNTO 9% deqnelwae gat abare pgs ater G20 Ne ae an aeyeoraté wt renee = Lanete = ee 
— aE RPO PET M yg Re AAA cw A HH Mente cqtggc en “aneeeta me WA ~ *% “ > a “ ’ ° i x - ove * ot or ¢ Awtapesrsreves Seer NY 7 Whe Co teetr| Nea eerie i Novetees oe : se » 2 Ee 
Be ety SHE FEM HE AHH meh ad omy te ROG adem «© dared ate 9 of * wm, a tod « % ue ot ve \ a * oe! euss s oy r ier jew = ate ae et ae Fe etstpreene “ers pts pean ee pee , pF ot -Ugrerwe oy ns ee UL lp gs at gage o> perenne wae ae vobeactes stestnsh ~ 
wet este yeatenns Aes MS MSS n@u6 gf ‘ : ee ~— vue e te ; e ° a 1 oa * peng Orta GS ey TRAY oe SAH atv ped vten CPE FIAT EN Oe Ar Che sore tye ae ‘, ee oe epee ee oP a ON Te a papapee ts ea neg ene ie a pS 
he va Ve od eet “nd tRAL- f.-* ‘ =, as ~ . «ws ‘ we as ag otger et swe ~~ ot es aed oe peseat ene bee? PO dh Add ghaeNa tas owt ed aioe oe na nae Om a0 Seatape gts tt Swarr SAIS ~~ beaded ean By st 
we Pes “ate Se: eter ANAM = * te . av » ? « . meh , i = @ : me ot Fete ge ater end anee errr ee Lie Pe ed tel spa alt parent 2 IRs Teer” were Oe a Pate iebeqemae te gerga mr enne 
hen ta 0 Bes 12 eee ea tetyy ERATE = “ee ES” S er eT bi ede wemrar 2 o te ; i we i dina woe ore pt C50 le ae ane gage Dep ctate STs yaees Pooogrewsn ve VF Oe F bladed spent gerne cata ob te apnaane negate tae ee cape ate ter ars 
Seren atu gins oF AAO a0 ONO Sete “Wy peaves te OP CT, ae s é we vy . : ee wiv wale sean Pete te alates wen seaney onl “Ro degiey peat ssiat mse men soe ruse Page an ate aton Gm Mnyn gin F Hott? Poot hn or Daten et A rend = : ithe Sens 
ey ven, BM ER Sy =e ty yds Fa” 20 avy corey Oe eeres s sagty ye mee= arte nt af * 2% ow “ s a ae. 7 s” geese 8 078 SO ow & rote ovet ys get ere rae ral a get er apa ser arises oat Tidep oor Be ence east Soe 
Pyne hg mad a ee ager ye Cte Qin On hs a en tink. * ve * * @r YT e v ” , s+ ev | OF ataeen a fa oe eter ot ra Rsragt etOtsrs WIBT® utgte ae pe retps ive ex ese eats ses fore” Pent Te enema’ ome meee enemas os ed 3 
lov hip are we Soe, VALS ACERT We wd we ra AO OMG « ° 3 at oe wei : < . wr - e se ne Fn > th a nn pp amet femracger: Mate Vyrrer pena: pester arte b evOtSO SE £8 ang ete Be ee an spat Aa G8 ION RPL IEE aad a 
re rate Be Bete-= v 4 fem Cw =s Pr ae wt + s atte r f 7 ae dae a eed oh Wg al st’ ott ae gee st a eRe oa achnap stele er Oe gkep oe enter etne Cree mre forts : == : : He 
— ae : . a oe : r <, any, er Syecte ee ETS dial ato GUTH NF tn TR cers rege gt ist at sarees FF OIE DAYTON A sreesipls 8 Fee ge a Caner Oe eo wl ef 4 ag OE aH = ae. 
weet, Wate teen OF e av 46) Je eee “gt Pw i ame . a eo. ’ Peat wr? wry * fe RP swt terr* rd Se OOP LWT OF wer st sage ath ogee & tae Free ae cecear® pp cena’ Maibawa” OSI SEST aaa fic is aren — me 
Seth BS: Dyed = Mell ahr we o# aun of qth Fr Ore oh =8 cat>t - e age . 7 4 = wte wos wtarg win st site rye Berg oh ede peerygaeeny se piesa epee a geneke smear] Be MOM FN Reb Adagio Si oeree sis atgnneimnerae gets ee = = 
Jerre, Pasty OEY Der, 2 PSEAAD a = . we -Oafitw . =o — & ed nal v7 co te TW pie oo Ye ty os Pow F poets ntad ee staesAry "PR" P hy vTaeyo Tr ab-metarawe? OF es Gove wmIe eye seg 40108 gr gt USD Fe page fie habe tte cocena,onatare - =A 
ica re veer ntetiew ve wafetet Ad’ #4 96 «tn OG Sa > 1 ‘ Z ge Sg - a , Scott ane rsagrarer est ese A Soe pret BeBe Ps og = PNW bee Hoe sage pRIe. & TU? BTS gue = tas a “9 oh nord A Lary a ITA F 2 7a ear 
sl eee We Aa nee RN » &? = ams ¢ ead - r ag ¢ fat Habule ap rte @ UT 8 pe nbsteg te whats vstgtuvetgmansse! O° 2 ete Ket 5 pPUNOS a FD I Vea mer” He Ton Ae erases remerertTsain SAMO SETAE we gooengnaarer prmraane 8 
“te ne Poly he Pe uo ne a » are a Ue =~ of s © o paague awn ag op fateme Foal be qare pebia deer aye & Apatach" ations REP alae o ea ee arent ewer ee ete pyr errer 
oe Paced wy eases WEN MT RNS ESS rete 6 EP Se ORD. 0 WEY + * - - -f© i ovis ve ot, &et wow oad os shee ametise oe fer yer & a pdt siprar? ~ re twons of ate eee ele her earsas popeeast tue (or papcdohges over Y ore aoc mre anaes < 
eral oo “oral ea panel paler = en TE TRE Hef « € auth ~t Be AT- Outer s ® ~ J oT a 7 te > +r a PO tad * « & tn ewe fowl @ eave’ ote Piaege potete a etseet sere ts a poet Vatoudberewer areas waco CN ie eR TLIC ee ceo co ae Pied el 
rng Og Lee Ue RM 8 tT he men, HAS tytn 24 UM REPH™ “* By ty Big raat hee « fw’ ae Ww ne se a . ost aus rout om Pesee ds? ad mate wR yO eA Ihe VF $= POE aR UAL F rae cect a8 Bees eee oat ene Srecarse = | Fanaa rae : 
etkees ee tetas eer’ eq terete ety eye st PPR es a hate - - we . , 8 . os = xe rT me us iw priytetee = gest a uepe ee rahtc Vee re ata® Sine ag eee EGE TTT ST 1a alas tp eanrey ats Dare oe wean? ices ms rope. =o saa 
recente AS Ne jade aula ked Ce Ye ee ‘ 9 0 a To | fe, OE scat oes Fs phpte Ere a bos eNe Regrigtss® Hee gsm OP MIT OF O° F ad yore nat ay = pate ears sr ee Vere PIR EEIES IS Colt add inated O68 6 ag FETE POL ST Pama as had lll a 
Mentos Ma SE had Meh es FD Ned ae arene ee era A . = ~ ra a re > ee PPO Tn a ek deel d 6 re atts. CRORE FE IELTS TINS Ce a etait Sreetoanee eet ent eT ge anprevere aba karen Tat Ser ac erat 
>. dh eh alain eats, We ann HSE A Ce Fee new mee — ret 4A, ae ‘ - = iw ; o a babehn SO a pep ats Pr wer Seca ry We Od Hg lsd aby Te Wntit 48 oat 41s BND8 fe aS One CUNO © prt ao ee a gegerrenterrate ‘re arrean : Sr = 
Uh a Oy PUR eS LS ; Raat we Ne eh SUF Uie it WER Ow pa aah taNie Siete amy o> wt etc BA 2D we = . le sal 7 chats 08s p 208m 9" ANOS ey Pe Ge pete Wr ae ntl Gad vavey Ose fare gS AF 0 Cee ee cyrus snoterae rns mene ee margetonneen” ira erearean ami = ars g 
Spemare ra tyne Mure RUS tag 0d arto ANG Hy Ghats Nips edly mate hth HrObe.8e % EK VS eto ALO WON fgu © % - wor om = “em . . -* id rs Govan ehoeh ne AF aa 4 evetntes pete 1080 af wD and See gna 0aa,10- 2219 praia ser gewer® Fe en cae eek nn cae rnteNe OO FUE 2 1A OT re Lglabsly ae 
| metre ee empannep ea eee Wp Thee ts ree Te Pire v sytv inh af . * ae ote es « es sv enn ® é ows tra i, a” asserted 4 ets eye Ce ote o eet Vo mprans wend ttee We F oy eu errs ent + te 180 oe eprascenn es ovenet eon ES on cogent? epipere mien ent ae aw 
ont ry far 4 HTN TEEN TE HPAI ale Fares KASH WS Cody Marin tanta ten 6 9 AEANAD ame via yeetatn te ns tae F “ fpr inte ee vt \e or WK tutte of - tee feet tote «tet de ee rse® © See cergronstan SERssE IP? Carers of Pens ON ate ee Oe ee Snmwmere epnee arte rere ET oes 
7 Se temstecasctas iw er see Patel, betytet bi » We LAN ay ~ 4 Ww ehhh ¢- oe of fea F08 Ty A FE plete veTteron ss ce mtesye? ee e- fe pee hn PEPE OUT eS OO a ied = FA oreo BEE? AIG 1 wh nereet rte weet Ci bm 
reve tes ey Pw eu Serys oF e me eh Agr eS Bu NO Fel od a FH e by VS ee a pois Cen ' . fe wt fa one ie t. eens gtd & Fer * F 6 «ger oer wt oe? wag? mipngtes dere & woghietenoy aeresa at ECR FF ¢ we <p OG RATT FFD OF ete pol Td nacinetint ill 
Goa Ree Oh eee Me SRS OS Soeur Vee aA Atul: UF AMM Doe Puayen OW Mat Ae at HEALY Me — + ’ a -o padt Op EEE “igen Paseo br agnamceehartern ts RIBS Pea bel titeet OOS eas fi poy tea facet “ einer = Siem 
Wend Aaahigs raters «MEAT @ WO Say SE re eter Ne Sa ETERS atary wet ty B® , ‘se wna F et whee Ps Re ttn Pir OPP EO. Ses Rae i aac CA DE eXe RIP FOF H Tae SOY ao oul onal) 6 06 Oona A OO Oe a ae en a ert 
Prete Ewe be bee Baer” nied ars? SHO ew ON eee UE et ete Mer Nels: TD vt 2 wt ff »& . ~ ‘ J © ” Sef dw  . Aredtet hina ye 4 ROEM wee * g vin aye PP ot Ci eta og see ta" AY FAN AL fu og CEE opera RED ; a ead peeve oro rae nae 2 
vale FESS BAY FE ee MET. NS” OE ee OT bts Ste Aerer Fo Wh Vw on oy we vr Wwe ; = gegen one ee 18 iPad 1 0 oarpt Ba oe rh Nate ro sacses Aue ard cg eters we Sey) pan Peas 1B at af eee eh AS i a saan rate moe oe steamer a ie a “posse = } 
ee NT ee RE! SAM Weed ta et tr’ Fh ve Faunc OPS et we Vu Tmt = , vs en f om Pwo sv wf'sat © o<% ee? Asean) Avie wow gor ake pe tongto k nga ORT Fe “tr sien Boe NE® spat uate Yeaptewg Ws fo COLIN e peta Sapo ital ote oe sass 
Nery REET teks WN Male eB Me BEETS _ SNS One . Alef =u >? el SS ww ¥ gf 4 Sm 0 hits bi Jott er PO? oar nh i Ma LPs PICUF abe Dats? FER e Briel whee Toe NOUS Date ipl aite eae tga rece seers mneupor 
Sara ape f yee GPW ee bd ee oof adh, “er Ve ere NO a Lathe # . ae é 5 4 ae Sy fietere hr aeear sd op yee oewts dese Hh eer Re atad Pegi he ee Fate shetn! Aigindwvel sore rig uully evep caren eEteran st O7rE Pry eae 9 AP a ra 4 wane i 
Fy Rak Qhd ut Co) wey rs ow Ate tee eu oe . UN if a - we ‘ ae tA od t deat, ot rede eee % wbeee Probes Matera = pied mr oer, I pl) Pee 00? Fae kedutpu crepe SE eee ie op RAT DY COSTE LEONE eae ator pegioen™ wer - Sree es 
= Se : abe 7 | : | | e ores * Ce nage Halt WY ks a ed dt were WH A weet I eT RE TPT RIE NON ae oe ceed Ta att Dated apap reraee * 5 = 
vo aah Be Power WATE Power ere Pat NMG Mer uke wy ww rere “ ot f fi. aps er - ey I waesversberes SN Shel tate # se Pe rere ae hed Fystae cae Sea ep? FLED WY 0 WR OY cena ped UPareta CATR Oe pre aper T° Mae IS Medl a bandits 
~we a) Yosbiaead Poder yee yeh WS fete? a * d yy? . aren, +H" < Low * = a! wate 7 oe Pe ap ete oe on ee to #00 ant TUBE ABE atge Oe adh aah dee Fo ape ahah wi lomaerentre’ “a ote ral s, oes i e ~ = 
smcaes ese Shaan os ener een eG en NT & dat isa j - WY dell beneiad ng Seah Wb Oe fri PAPE My Fe ceP 08% gghen cb Arent ofRot ar has Marne Ce beer vrs” epleww ett Ssh gta etry Tee iden she Vecg vera es Pe hal ded * La 4 Soy 
Ne WINE ew ter fal- te ove RvR ey Ve Sm th . “*.¢ i CL od mf ry yw wef a La aale Naty Fev LY oe ih ee agree ost eve pipe ign pvt a te CQUUUS Ore: SS Loclentsk cL ire aL ata pet coneh Dera a S ret r= - 
Laka CQtetghahent UN lh is ah died fa » wr vt . iw epi Ham protg «nae tt Pfr WAT BE TRE Mee MA sea ar peep ve 3a Oren ataegt entrar sete PCIE LOM AL Lee egear tne - stp aren secere oe . ee 
rea h ¥ wt ay tesa® ry ew Pedy w a . $5 ~ agh Kee ak i teedend gegcawst > See, 030 goa surnat Sipe ese MST He Tp out p SR. Re i neat oer , cast ferent roe es : 
Ye we & Yes ee u a —_ wit, tee arta | , . weaves fi Bfnarss sh Atanapd bynes = = eal O¥e ct Sesame eres s’s Ba oO pasta oan Pa i Pte arpa at med nee SA ee vance s =e 
- Giuieh A CUP MS MM o 1 . ; a pe ow Fe wie Kae oo > aca of Oypnmen™ on Sf gt Bt at ENE RE grace an hatha to Yl Ma ER pave sanaeate tet a RA: Ure ee ney Papo gna bape poof enna Svar od ae be aie 1 OFS wr 
oP eS IA REE eee he aie ohh Rie ve tAsynewne - 2% a ws : : vw 4 Se Me a eB) dep wd Eyre Se Bes protons sed wo eeser” Ne Bee ruta ye Maran eh a BER aes ep Re 198 Wed PL eee gee ean te rent, sain Seer : : 
ee are SOO ech aay ge UIA ts SSN ay Pera . erie 1 "yt aye « 1 “te su - - oh ® * ~~ a ' ow tw teen ee Cet AR ad IEP ERM is. Ae fagter ab hp oboe “a betss er VTON TS or beter ee te ee nn ate rat Ris ty ed Pn sneha werames ete 
jy SLI Dev ences AEE R WEN i Oe ENE Aas ah er oS Tiere? ae’ ek. UAW BF a FE TUAM AS 1s - Ry “2 ae VAS ot re pe «a. PR raf? reg? gt PON a tg HEED Ca eredet eS oF # es ware ya Tee Pig @ Ye Gee TUTE To pda irr eee eae cass reesesteaos — Sites we 
Re vac enna Nan eR WHEN FATTY OST SN oe y Faty recate Muro erenge: oP cee or ORES . . crepe Ne ag S on 9 anata ahs ae rete XE Cote tPatets Af Srene p saeeette® of 08 Stag Te aa tera la AE eT ee erat Patsonmners oe rile Steen wie a = ae ve 
ie en og nce gh e n tes oy fut ABIMCINE Si stature pedal VRE AOA ME ae By a . = ar ae Vie fing Metig* eh eee 08 V Jabs J fp gare ae Eo A DPF Vat ibe SC nat Biralai ttre Cate Caenrorcoeetataeree pale ae ce ere ee 
: , phate vat Oe Pes GNP wre PRP? UOTE erat VOL FP ae rR. ery y's tees Ry ity Tee es enw & “Ser pyr yi Mtn «TONS Ponty teyy Sf apie oe oy Fe ah Rahs HP ee A papa give Fm Sage gaya eet eX stvensusavbeirael, wage erurgorsieln es soc higey WO else Cae My FeO e pga uns Epers ety rs ee” £e Fe ‘ 
ages Kemegrg eR - WF ON ; MEU CATS Fe PCa Nt Gea WTP aT COWL Cate er BS UTM _ See 4 Ae v r or ' rN yo peek veriad 0 Eee. Fae tateses ot Urs ses Se irrse® bates Liketen. i lA Fro els Se reat mora Seiten ars : Seapets 
aimee weir mee STL ALTR TUPLE Hey ae ne ws ate’ uy SoA ok | VN we es os wos mot fie W o% £4 fede a Sh Fd” PY ee a een a Sy dant aw iF Pee en cat dogs hes ava ean pete ee etelly ca tyewtnen gesk Pee FECT are Rothe We Saat mares 102 tet oF gage ata wound Laie edit 
Ae ALM OY ED ae = . tite | at ate <P% Newt ofS ae) years. is at bean oS ETAT A F ° ve eitt fo * fl te We ws e ” hagtgts 6 0° Sepak My = i CSe Pee Lk dead 3G BN hte? the wee eT a Lee SS MPR PANDA tte ta wpe empty Sragapeeecnhn = torre a 
aga PU ay Pg ee blot flied ST WUT EN RY See CER CeCe - «uv wa teey eM oredr VAs VE - we oe o. wy pos 2 o bets Dike fab ra0% a yw et Seng Beet siie tele se via sAleeni mt 70 te mrad 9 * sa ate VEMNP FS caf meer PaaS Leper e ht ponotden bo.” en estos 
oe ow » Pele tee, Wh, tern, Wher VSaN 9 4 a he wm © oe al ere ae uw o We Pe oye a we oe stre Cy Seah i Big Tree? FP # Ady Pees de hy 0.87 Ene, Sapa wet ome roondicaete Pokinstn per tee ao =o a 
Var Rerert sees ty tinct aah kth re 16 New te A Ff =~ 1 heey ‘ : ee ae a write gee 008 sWUM BA 9 mer S5y NT NT Mp8 b> = ANGIE A peed MISA 8 Bvane one Plus cag 3y ES ae ventas AS giana mission pice ort sins 
f us ee Pa ka Lhe ae AE YM Pee Fe MT, “we “we “ut 7 Yew tn 9 Sap . tut eyrs © we ac vie V7 it an we YF Pst sgt rates BP VOL mF astivrar -? wee « Errepreniees ne ata” By WUss i Ws Ser BE 2 aoe wan eres “ ve =: an a 
aa : Rp TPCT Le uA Pe flan r oD ‘ = em eek Fy , xis cant eters rm OF . SET TE ae ae ae MS pa ooy Oe Baye Hel Save 009 Se srosen cen eve La TIMIE“S 8 pH pe ree sl ce eS aT EE ena ae Z 
Ox MOAN a Va “W ) uge pan _ ¥ “ hie ah De Bh ce Pe fT ee Os FHS TE Yo Aa Fee Wak sates Fa CPA RTE TRE PY ope vine mingc epha Wd Bat fs t0 CIF APOE ehh eA PAN ua ave rere Seen 
wet VN ig ee oleh ak ee EL a Gury a, HF . a ‘ ee ghd i we om iase 6 O78 bee Ra Meet pegre fy ee! Leave GR ivitea Ge Bs shed? © AO epee acai a pean ‘ aie ace Sento aoe = 
at Patty lag prior topes sAS ay VAs ee to ee oe ‘ ue! ew | 5 Ted . ’ . SH? a pa th, Cees ten SF) GOT Sr" eet he ate BP eV saeer Wit Ge OF itt Lady ree iahctyy Ve UF RUS gb st wreet wt PE" OES ah cia cut ae OSE 0-1 OP 
ay AL EO EM BUEN RY We RN Fe UFacyiety Um VA ea es are Ny YS - . ah Ra! a¢ 1% ~ i, ache ee ee f gf geese Te w¥ Ter Oe Peg te Me CEM LIS ELE Foe ye vie venti? Seco nana tie aot vierque pte ce Conteh ware Tees See 
Th wig Fuaseore TNE WE REA BTN ae REEMA TUE E wars etiv af? » ” ne Mm ter 4 ¥ A.-* ’ ‘athe - ‘ ey Rd 2 os wate wee fi p Asiets SOV Oana Sane 1806 Fy ep 2 Bal ah Pee SUT H Rls oe ac pee 7 auch ai? Pe ae pete - eee he 2 rT eatial | 
yc, ereeeRR er ee en Y ere ere Fue eT EEF Ree 160 EY ot et % ‘ viv ~ eet E ine “s Nae ve finn sine % SQie wae cpedene 4 Oe ne waemse weed ot OE cane eae da AS LRT UD. VES See FE ACEO ON ET 0 0S OS egerenne oat - ance 
“ri Fel ob Oe ues Here Taree eWay Us WAL MONS TAM? 1 ET ae mA- YVR =P ae, J a “\ a - daft i - oSap? Tape A «de ahve sezeg sf Fi dade = ¥ waF. SAA rghsaibrate # antic Pantie mA eT T9R= FLEE WO 04 01ND ZIT priate eae wgsann etre : 
Sy a Ne NT ree FREE E aE 8 OK CUTS Yar Sars At Pe oe Oe arenes Pweg Ad hs oeeiien . ays te : . “ , ‘ teks Oto Assess Hees w" ated 0 PIS FAS ta eaten eres sh bat getty yt eet : i ea Ss 
0 ETE ALON WELACUTY UTNE TTY LangFe WR ae ehe NIE FLFUN Aefige  = ts : 4 : : 4 ‘ i : ' e ¢ fede Uhlecitvesbeteg Kerth Ah Gh BA FAIRE Hah e D6 FAN a A 30S SS wee ‘eey sav oweee’ io einem ra ge : 
we pact Rye Pee Peete al * eevee WTUNT WE ear OU = ames for yer © fm “ mS WPodie: <0 he ep Ale Senne Sree ste 1:8O SF ques mime ht 9: EE BS fo Conta. Gt Le era ah peat rae? Y race tora s gawety “wr 0 Wee BUH APO OSI be a enna x = ag 
cS vc ep we ve mPvemces Ve eR WIPES AG qt - Wem -s prt Sat ptt ‘ Wsde Ey nat 9 ECS. o ot paras oy OGM als Mot prsre Ue Baad ad PSA L et ra ce Sid : ne sie 
e sw, CF eyes var eg i » et . bh 1 Bev ve . » . >e 8 ak BE OY AOR tH I vp eud cero dey he shetty b- oe ee t, i 
a yay ‘ ~~ » wipers eo Were s -98 we + Be, : i Magea® Ala ee Tye PT ie Ae \g PRS Fw - vote £pf OCW & Fege' ee AD ee Fs eae wohers ce wontew : 
pli ad i ' » one OY SR Re wale dee Wekry MII 0° 9 GEE FY 19 Oe Oc cba meet seca tNsen Pee LYS yep carrants 
» Se awit. a O 44 1 CaS Ae Cy Aiur Baga oo Pea avery SALOME rot manatees soo ras 
- S a 4s ate IR ot FOYT 1 Oy Lae a BVT SEES BAS PFD IS 
Meee rR P | _ cr cesb Sl war sererge TRAD wo Gen 
i Grants UAW ot og Gals ae MOTH PE 
seen rata’ abe sale, LAC WADA 





